‘. 
4 


5) 


Aa 
ae 


2 


Contributors: 
simon Adams 
Camilla de la Bedovyere 
lan Graham 
steve Parker 
Phil Steele 


Discovery 


CHANNEL 


M i 
Kel L 


» 


t nda r * 
oe 
Aly : 
4 | ere = a 4 
Ga ASKEW 


over Designer Simon Le : 


e Neave 


Senior Editors 
Designers Simon Lee, D&A 
esionel on Lee, D8 


rootreader Fran 


mega 
CITIES 


148-183 


> ai 


Tees the oceans create our planet's 
biggest environment. With a combined 

f volume of 328,000 cu mi (1,367,200 cu km) 
Ly) of seawater, the world ocean covers about 
») 71 percent of Earth’s surface and holds about 
") 97 percent of all global water. It is the largest 


habitat in the known universe. 
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Th 
€ average Ocean depth is 


The big mystery 


Humans have been exploring the oceans for 
thousands of years, but underwater exploration 
is a recent activity—more is known about 

the Moon than about Earth’s deep seas. We 
know oceans represent a huge habitat for 


are enveloped in 


* Sapphi 
Pphire seas, as seen 


from th : P 
oat Shy oa Shuttle wildlife, they affect climate and weather— 
the true Hen Space, and that changes in sea level will 
Earth's ogee i? certainly occur in the future, with 


is revealed, enormous consequences for humanity. 


> This deep-blue area is part of the 
Great Bahama Canyon, which is more 
than twice the depth of the Grand 
Canyon in Arizona, U.S. 
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THE ATLANTIC — et 
OCEAN IS NAMED 


AFTER A TITAN OF GREEK 
MYTHOLOGy— 


ATLAS, WHO 
CARRIED THE HEAVENS 


UPON HIS SHOULDERS. 
ATLANTIC MEANS 
“SEA OF ATLAS.” 


THE ARCTIC 
AND SOUTHERN \ | 
OCEANS ARE THF b | 
OLDEST Parts 
OF THE WoRLD 
OCEAN. 
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Huge manta 
rays that live in the 
Waters of Indonesia’s 
Komodo National 
Marine Park are 
\ Protected by Jaw, 
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¥ Ocean water is dense and holds many nutrients, 
so it’s the perfect home for huge animals such as the 
sunfish, which can grow to a length of 10 ft (3 m). 


Wee's is amqile. It is is a Substance" 
unlike any other on Earth, with 

the power to give and support life, 

mold the landscape, and generate 

an atmosphere. In the oceans, water 
has some extra-special qualities that 
help explain why life began there. 


Life support 


The molecules in water are more 

: dense (tightly packed) than in air. 
Salty water is denser than fresh 
water and can support the weight 
of heavy animals. As water cools, 
it gets heavier and sinks, so the 


deep oceans have layers of cold, 
salty water. When water freezes it to life-forms that existed about 
becomes less dense, which is 3.5 billion years ago. They have A a 
why ice floats on water. helped scientists understand how § = we 
life began in the oceans. 3 


v Stromatolites are mounds built 
by tiny organisms that are similar 


Big soup 
Water is the Sava scien which 
means that many solids and. liquids 
- dissolve in it. Ocean water contains a 
combination of dissolved gases such as 
carbon dioxide and oxygen, minerals and 
salts such as sodium chloride (table salt) 
and carbonates, nutrients, and | microscopic 
animals and plants. If it could be extracted, 
there is enough gold suspended in the world 
ocean for each human to be ie a pees 


9 lb (4 a aks bar! 
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| “0 WHAT IS WATER? 


WATER IS MADE OF HYDROGEN 
AND OXYGEN MOLECULES. 


HYDROGEN WAS CREATED 
ABOUT 14 BILLION YEARS AGO 
(SOON AFTER THE BIG BANG), 
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BUT OXYGEN DIDN'T EXIST 

IN SIGNIFICANT AMOUNTS 

UNTIL MUCH LATER-ABOUT 

2.45 BILLION YEARS AGO. |< This satellite 
image taken during 


a 2004 heatwave in 
the US. state of ! 
California shows that the ‘wS 
land surface temperature - : 
soared (indicated in red), while 
the oceans (blue-green) stayed 
much cooler. 


A PINHEAD-SIZE DROP OF WATER 
CONTAINS ONE BILLION BILLION 
MOLECULES. 


WE THINK OF OCEAN WATER AS 
JUST BEING LIQUID, BUT WATER 
ALSO EXISTS AS VAPOR IN THE 
ATMOSPHERE ABOVE THE LIQUID 
OCEANS, AND AS A SOLID AT 
EARTH'S COLD POLES. 


© Oxygen 


atom 


Hydrogen 

atoms 
A Awater molecule— 
H,O—contains one 
oxygen atom and two 
hydrogen atoms. 


DEAD SEA IS ONE OF 
SALTIEST BODIES 
WATER IN THE 

. IT’S ABOUT 
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ee crust consists | 


of giant plates, which — 
are continually moved and ~ 
altered by subterranean forces. _ i, sie 
As they expand, shrink, and morph, 


these plates govern the state of the oceans, on“ 
which are endlessly created an 


ddestroyed. 
= ~~ 7? wr 


Pillow lavas 


When lava pours out of cracks 
under the ocean, it quickly cools 
to form solid rock. Inside, | 
the lava is still molten —* 
and, under pressure, it 
bursts out to create 
cushion-shaped rocks 
called pillow lava. — 

These peculiar forms 
are common around 
ocean ridges. 


Magma from 


ale. Wells Up at 
= Clvergent 
bounda Plate 


About 250 million years ago, 
Earth’s continents formed an 
enormous Supercontinent 
Called Pangaea. There was 
one immense Ocean, called 
Panthalassa. Tectonic forces 
broke up Pangaea and after 
80 million years—at the 
time of the dinosaurs—the 
southern continents were 
combined into one landmass 
Called Gondwanaland, and 


the mega ocean was divided, 2. Panthalassa Ocean 259 mya 


When an Ocean plate 
Meets a continental 
plate, the thinner 
Ocean plate sinks, 
This causes it to be 
swallowed up, 
creating a zone of 
destruction called an 
Ocean trench, A 
trench can be up to 
7 mi (11 km) deep, 


Ata convergent Plate 
boundary One plate js forced 
beneath another. The huge 
energy involved can cause 
earthquakes and Volcanoes, 
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3. Oceans foday 


4. Oceans around amasig 
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ATLANTIC 
OCEAN 


PACIFIC bd 
OCEAN 6° * 


GIANT CONVEYOR 
The Global Conveyor isa 


massive circulation of 
' water around the planet. “ AX \ 


like an enormous conveyor 
a 


It moves 
belt, heating and cooling as it goes. 
Cold water is heavy, SO it sinks at the 
North Atlantic, then heads south to 
the Antarctic. From there, it moves 

ian Ocean and Pacific, PACIFIC 

OCEAN 


up into the Ind 
where it heats and rises as it becomes 


less dense. Much of this water is moving 
far beneath the surface. 


COOL SUBSURF 


SOUTHERN OCEAN 


————————a—<—— 88. x6 


he surface of an ocean is in 
permanent turmoil. Waves can be 

big and brutal, but tides have a much 
more impressive power behind 
their strength. We owe our 
ocean tides to events in 
space, and the pulling 
power of the Sun 
and the Moon. 


XX a . : rues ‘ 
awe aye ‘s x OP” ( The Sargasso Sea is 2 million sq mi (5.2 million sq km) 

of serenity. It’s part of the Atlantic and often 
experiences very calm, current-free conditions. 

As a result, island-sized mats of 
Sargassum seaweed up to 10 ft (3 m) 
deep thrive, and support big 
communities of ocean wildlife. 


ir, water, and the Sun’s radiant heat give us our wild and 

wonderful weather. Most of the planet’s water and solar 
energy is stored in the oceans, so it’s no wonder they play 
a crucial role in creating the world’s weather systems. 


The water cycle 


Every drop of water on the planet is part of a 
giant circular movement called the water cycle. 
It is one of our planet’s biggest and most 
important systems. The Sun provides the energy 
that fuels this movement of water. 


PRECIPITATION 
Droplets get 
bigger and water 
falls as rain, hail, 
or snow. 


RUNOFF 
Water is carried Y 
downhill by rivers, 
and into the 
ocean. 
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| TRANSPIRATION 
Water vapor 
| is produced 
by plants. 


' INFILTRATION 


Water seeps into 
the ground and 

flows to the 

ocean. 
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Making the WEATHER 


Cumulonimbus (storm) clouds 
can have a total height of more 
than 6 mi (10 km), and a single 

colossal cloud may contain up to 


(227,000 tonnes) of water. 


CONDENSATION 
Water vapor cools 
to a liquid state and 

creates clouds. 


EVAPORATION 

The Sun warms 

water on land ani 

: ocean, turning it 
into vapor. 


UNDER 
PRESSURE 


The Sun warms a vast 
expanse of ocean, and the air 
above it warms too—and rises. 
These simple steps may be the 
beginnings of a tropical 


An area of low More air moves Once ocean The storm pulls The dynamic 
atmospheric _ into the low- water and winds up seawaterasit swirling 
pressure is pressure region. It have been moves. If the winds also 
created below starts to spin.A = whippedup into hurricane hits wreak havoc, 


Perrier even a the mass of circular wind a tropical the coast, this but eventually 
‘ warm air, and system forms storm frenzy, seawater surges, lose their 
hurricane... clouds form and becomes a they are ready flooding and energy. 
above it. tropical storm. to do damage. eroding the coast. 


INSIDE A HURRICANE 
From above, these giant weather 
systems look like masses of swirling 


clouds, but a great deal is r A 


Falling cold air happening beneath 
the surface. 


HURRICANE 
CATEGORIES 


Eye 
The eye has the 
lowest pressure and 


is relatively calm, — Rising warm, 
with no rain and ( moist air 
even clear skies 

Rainfall 


Many inches of rain 
can fall in a few 
hours around the 
eye of a storm 


Cloud patterns 
The swirling clouds ~“e 
form a distinctive 


ribbed pattern when 
seen from space 


Rotation 

Wind patterns in the area, 
plus the Coriolis Force due 
Winds to Earth’s rotation, usually 
Powerful air movements are start the whole hurricane 
set up within the storm spinning slowly 
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Y Super energy savers 
Y If we didn’t have such big oceans, our summers 
Y — would be much hotter and our winters would be 
much colder. Oceans store energy well, so they help 
' to thermoregulate the planet. That’s why the average 
“ f temperatures at the North Pole (which is surrounded by 
' ocean) are higher than those at the South Pole (which is 
; : The coldest ocean 
surrounded by land). Even though thick layers of sea ice form water is a frosty 
at the North Pole, the sea underneath remains liquid. 28°F (=2°C) 


in the polar oceans, 
and the warmest is a 
sizzling 97°F (36°C) 


In winter the ice N i the Persian Gulf. 


over the Arctic Ocean reaches 


15 ft (5 m) 


thick. In summer it shrinks, but it never 
disappears completely. 


ie Mg" 
— 


: ~*.* 
o4 
ons! 4 


a5e.8 


20 | Sizzting tastes of the sea 


Jaw ta Cook 
an ISLAND 


ee lush tranquility of tropical islands conceals their turbulent pasts—they 
form in hellish heat and violent underwater explosions. Volcanoes are 
named after Vulcan, the Roman god of fire, and when they erupt at sea they 
produce burning torrents of lava, which release sulfurous steam aS they sizzle 


and cool. These impressive events May give birth to brand new islands. 


Method: 


] FIRST FIRES 


Ocean volcanoes are created in Earth’s crust fractures and the explosive 
three main zones. power of a volcano emerges from the 
seafloor. Lava spews out from the 


Grow Zones volcano’s superheated foundations of 
Black basaltic lava spews from ocean 
magma (molten rock). The surrounding 
ridges and the ocean floor spreads 
seawater is heated to colossal 


and widens. A ridge may be the site 
of many volcanic islands. temperatures. 


oe 


Preparation: 


nee 


~ ee 


Crush Zones 

When two ocean plates are on 4 
collision course, one gets sucked 
under the other and destroyed. 
Volcanoes often form along these 
massive crush zones. 


Hot Zones 
Hotspots form when heat from 
Earth's innards is concentrated in 
certain areas. The heat melts the 
rock, and volcanoes form. Earth's 
plates are always moving, sO a 
yolcano moves on from the hotspot, 
and a new one forms. Eventually, a 
whole chain of volcanoes forms but 
only the youngest, nearest the 
hotspot, is active. 


A An underwater volcano erupts near Tonga. 
Plumes of steam, smoke, and ash make their way 


to the sea’s surface. 


Sizzling tastes 


AN ISLAND IS BORN 
A volcano continues to erupt and grow as lava 
hardens into rock and adds to its height. Eventually, - 
the volcano’s crater is above sea level. Over time 

the lava and ash combine to make a fertile soil and 
plants become established. 


. | animals and 
4 
i 


YW Ash rises into the air TIPS 


from an undersea volcano, 

part of the tiny islet of 

Hunga Ha‘apai near Tonga. The slopes of a volcano 
right conditions for cora 


and are home to anima 


or guyot (see below) provide the 
| habitats to become established, 


Is such as this stone scorpionfish. 


TIME TAKES ITS TOLL 


Over time, the volcano becomes inactive. The sea 
erodes the island until it disappears. Beneath the 
waves, a flat-topped seamount is left. It is now called 
a guyot, after Princeton's first geology professor. 


A A3D model of Ferdinandea volcano in the | 
Mediterranean Sea shows its twin peaks. It has | 
grown and eroded several times. 


& 
nd barrier reefs are big 


zee ( be. islands a 
al enough to be seen from space, and yet 
he labors of billions of 


B® they are created from t 
e often smaller than a 


fingernail. These giant structures are incredibly 


me complex, based on an intricate network of 


Me) ofationships between 4 wildly diverse Be 


tiny animals that ar 


4 
| and numerous Tange of 
ss | living things. P 
soa | \ ‘ 
ee Woks 
7 \ nis ¥ a 
4 Critical coral ee 
4 /\ | Coral reefs only take up about one \ %e 
y. | percent of the world ocean, but they \ & 
A Fapevare a marine habitat of almost ; 
j | ;ncomparable importance. A single 
fi | reef contains countless places for 
/ | | animals to five, hide, and hunt. As 
/ /} a result, reefs contain an incredible 
/ f{) one quarter of all known types of 
/ | | sea creature, and are a home for 
| | billions of organisms. 
/ 1} \ 
/ : | 
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'. Cott otory 
There are three main types of coral reef: fringing, 
barrier, and atoll, (coral island] —although some 
places have a mixture of all three. Atolls are 
the result of volcanic activity—once a : 
volcano has disappeared, a beautiful circular 
structure (the atol{) may be all that’s visible 
in a clear turquoise sea. A blue, 
shallow lagoon forms in the 
middle of an atoll. 


“|, Coral polyps establish their 
reef-building colonies in the 
shallow worter fringes of a 


volcanic island. 


qorrenen = 


A 


‘2. ks waves erode its surface and 


> The development 
of a coral atoll can the sea floor sinks, the island c.. 
take at least slowly disappears beneath the :. &} 
100,000 yearSe ee The Geter building 
ir ving upward so the 
veef's upper part stays 


at the surface. 


3. the fringing reef 
continues to grow, 
creating an atoll and a- 


_ beauctifiul blue lagoon. 


i 


yO Warr er ks, ccna tei, 
Maldives lie in the warm Indian Ocean. A submerged 
canic mountain range is surrounded by 26 atolls, and 
between them they contain about 1,200 coral islands, reefs, and 


ssandbanks. The capital, Malé, is built on an island that is part 
toll, but the average height above sea level of the entire 
_ If sea levels rise significantly, 
ar beneath the waves, 


of ana 
island chain is only s ft (1-5 m] 


A The Maldives’ Baa Atoll contains 
~ 75 islands — 57 of which are uninhabited. 
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MEGA MARIN 


Record Breakers 


he oceans are the biggest expanses of water in the _— 

known Universe, the largest habitats on Earth, and f 
the most mysterious places on our planet. It is no ~~ 
wonder they are home to many mega record breakers! 


Everest 
29,029 ft 
(8,848 m) 


Sea level Mauna Kea 


32,696 ft 
Oo cas tote (9,966 m) 
Sx, %e Fy 
tp, Me Tallest mountain: Mauna Kea 
QB 4 <Q Sx A mountain is usually measured from sea level to summit, 
o “S&S Y ° making Mount Everest’s peak the highest point on Earth. 
Oo Do CO? 4 64 5 . 2 is 
ve i & Qe D & But if you measure from base to summit, volcanic island 
(o) keh ey &, Mauna Kea is much taller than Mount Everest! 
O %%~% : 
De Soo. 
MG % By, % 
Bey i Ue 
F do % 


(e) & ® 
o 2 saltstraumen % 


0 
ey When tidal water is forced into 5 

: ’ ® a narrow channel, it can create = 
e ° (<5) ferocious maelstroms (whirlpools) & 

®> _ strong enough to rip apart boats and 
° ° © pull objects to the seabed. The world’s oO 
@ _ Strongest maelstrom, in Saltstraumen in = 
Norway, is made up of several pools 
~~ that shift as the tide waxes and 


wanes. It travels at 25 mph \ 
> 


(40 km/h) and has a diameter 
of 33 ft (10 m). 
These huge 
cetaceans also 
have the 


biggest brains 
in the world- 
17 Ib (7.7 kg). 


That's 100 times 
the weight of a 
dog’s brain! 


sy] est ea n i m a : e@ The blue whale is the biggest animal that has 
g g @ ever lived on Earth. It weighs up to 200 tons 


estimate for any dinosaur, and its blood vessels 
are big enough for a child to swim through. 


(180 tonnes)—twice as heavy as the biggest 


| whale’s heart 
is the size of 
a small car. 


— Nae  — 


At 98 ft (30 m) the XN 
blue whale is more 

than twice the 

length of a T’ Rex. 


1,720 ft (520 m)=— 
that's taller than a 
100-story building. 


Wi the seas 
seem almost silent 
to us, but we miss out 
on an incredible world 
of sound. Many marine 
animals are able to both 
make and hear sounds. 
We are only just starting 
to understand the 
impact of sound on the 
ocean environment. 


which is why cell phones 
hey are waterproof! 


Ocean water absorbs radio waves, 
can’t work under the sea, 


Sounds of the sea 


Sound travels through salt 
water at about one mile per 
second (1.5 km/s)—that’s 
about five times faster than in 
air. It can also travel great 
distances, which is of great use 
to underwater mariners, and to 
the big beasts of the oceans. 
We find it hard to hear sounds 
underwater because our ears 
are designed to hear sound 
waves in air. 


Surround sound 


Undersea mining makes an 
enormous amount of noise and 
disturbs wildlife. One solution 
is to surround oil-drilling 
machinery with a curtain of 
bubbles. The bubbles stop the 
sound waves from traveling— 
and the whales can enjoy some 
peace and quiet. 


4 Researchers at the University 
of Texas, U.S., investigate the 
properties of bubble curtains 

in reducing noise pollution. 


Speed of sound (ftlsec) 
decrease 


5,100 5,000 4,900 


Minimum 
speed of sound 
thermocline 


y SOFAR Channel | 


A Sound waves travel very 

slowly in the SOFAR Channel, 
but at this low frequency they 
can travel great distances. fh aby Mads 


Seeing with sound 


Sonar is a sound system used to 
detect and measure objects 
underwater, and calculate depth. 
The process involves sending sound 
waves out toward the unknown 
object. They “bounce” back from 
the object and these “reflections” 
can be measured to calculate size, 
shape, and distance. Animals such 
as bats, whales, and dolphins use a 
similar system, called echolocation. 


> In this sonic image of the 
continental shelf off California, U.S., 
white areas are shallowest and blue 
areas are deepest. 


~ coming soor 


SOFAR so good 


There’s a broad band of 
water 0.6-1.9 mi (1-3 km) 
deep where temperature, 
salinity, and pressure are 
optimal for channeling 
sound. Known as the 
SOFAR (SOund Fixing And 
st Ranging) Channel, the 

© strange, low-frequency 

3 sounds here are the calls 
of baleen whales that 

| swim in this band when 

| they want to communicate. 


Explosive 
exploration 


Sound is being used to search for 
deposits of oil and gas. Seismic 
air guns fire blasts of compressed 
air through the ocean and into 
the seabed. The echoes are used 
to find reserves of hydrocarbon 
fuels. The impact these sounds 
may have on marine wildlife is 
not fully known. 


<4 Seismic air guns are lowered 
into the sea, where they will 
make dynamite-like explosions. 


he breathtaking sights of an ocean include myriad 
shades of blue, glow-in-the-dark octopuses, and 
scarlet Sage But ngs look the yay they 
ne 


e because they absorb red 
Near the shore 


ther icles of rock, mud, and silt 
suspended making it cloudy or 
brown. But its degree of blueness is also 
down to the color of the sky above it— 

the sea 1S like a giant mirror, reflecting 


pear blu 
flect blue light. 


blue or gray skies. 


f deep-sea am 


light wave 
black, 


esn't spell danger 
s like an invisibility 
4 red fish's body 


sor 
s of color and appears 


blending with its 
surroundings: 


A A deep-sea 
opossum shrimp 
_ appears a stunning 
scarlet to us, but it is 
invisible to deep-sea 
predators. 
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DISASTER *” = 


‘ 


HURRICANE HELL’ 


n 1780, one of the dea 
record raced across th 
more than 20,000 
it reached the Caribb 


dliest hurricanes on 
e Atlantic Ocean and 


people were killed when 
ean Sea. 


As seen in this 2007 photo 
of Hurricane Dean, these 
mega storms intensify in 
the Atlantic, then move 
West toward the Gulf of 
Mexico and the Caribbean. 
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ust two survivors are left 
alive on the once idyllic 
5. island of Martinique. They ! 
: ne can recount the story of ; 
the explosion of Mont Pelee— 
petted that is now believed 
ea ee death to 30,000 
. wy | 
their exclusive ae nas a 


J 


if a ae Pelee exploded and 
dest the town of St. Pj 
It with toxic gas, ash, and ihe, “a 


—yT 
The Baltic Sea’s ecosystem has been damaged by pollution to 
such an extent that large parts of it are considered “dead.” 


Danger lurks in the real “Dead” Sea 


Tourists have long enjoyed the delights has altered the sea’s ecology—and ; - : 
of the Baltic Sea, but the future of this massive blooms of tiny plants, called Py HA, 
resort is looking not just gloomy—it’s phytoplankton, are turning the water Vag 

into a foul green soup. Nothing else ai f 


looking toxic. The Baltic is largely cut 
off from the main oceans, making it 
Earth’s largest area of brackish water. 
Dumping of farm waste and sewage 


can live in the oxygen-free zone, and 
experts are now warning swimmers to 


stay away. 


Most of the Pacific lies over one tectonic plate—the Pacific Plate. 
Its boundaries are marked by the Pacific Ring of Fire, home to 
75 percent of all volcanoes and 90 percent.of earthquakes. 


The most northerly part is created by the subduction 


® - 
of the Pacific Plate under the North American ; Saas 7 
Plate, giving rise to the Aleutian ae = ie 
| () | ' Trench. In 1912, Alaska’s Mount Sf sé ieee 
Katmai was the site of one te) | Sperind 


of the largest volcanic Wj ) 7 Sea 
he Pacific Ocean is bigger than ple de , sim), 
all of Earth’s land combined. ied Jf te aaa Creme 
As well as being record-breaking | GES. ips X , 
in its volume and depth, this 3 ‘ie . NG 
stupendous seascape contains \ 


an awesome variety of habitats, 


beautiful vistas, mega tectonic ie 
activity, and so much more. +F 
a Esti Re SSE Map 
Mariana uncle > os »\ : 
Trench \2 «> The areaof \ | | 4) 
ere _the Pacific hy, te P 
oa” = on iF i Ske -. is more than pices 
deep 4 a Sara four times WS 
Ll » 4.» the area of the ee 
29,029 ft - Va, 3 Moon. x 
(8,848 m) tall , 2 a eee 
=. |. .*® Challenger Deep 4 : Ps 
ie Vos ~~ s 
OCEAN DEEP i TW ae >A 
: . Bi: ; : ¥ » SF 
The average worldwide ocean depth is : ; cf ey ) 
about 12,460 ft (3,800 m). Its lowest  » a Se ae a ~~ 
point is Challenger Deep in the ao w % About 60% ~ = 
Mariana Trench of the Pacific Ocean, . q o~» * = “< of all fish that are caught ~ 
at 35,797 ft (10,911 m). If Mount Lae * come from the Pacific. => 
Everest were put in the Mariana » : ee oN < % 
Trench, it would still be submerged ~~ ¢..* : %, : 


beneath 1.2 mi (2 km) of seawater! 


1} includes 3 ja LY 


ee +4 Coral Sea \ 
45 ANS 


\ volcanoes. 


SHRINKING SEA 


While the Atlantic and Indian oceans are growing, 
the Pacific is shrinking. It has a high number of 
subduction zones, where the ocean crust is being 
swallowed up and melted down. It loses about 


0.2 sq mi (0.5 sq km) a year. 


> Workers try to 
clean oil-covered 
rocks on the shore 
; of an Alaskan island, 
seeeeeetue ™ after the Exxon 
Valdez disaster. 


Exxon Valdez 
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. A POWERFUL PLACE 


"Sa » The Pacific harbors vast reservoirs of oil and 

= gas—the South China Basin alone may contain 
a at least 11 billion barrels of oil and 

611.4 cu mi (2,548 cu km) of gas. 

Extracting and moving carbon fuels can 

be hazardous. One of the Pacific’s 

most devastating disasters occurred 
in 1989 when oil tanker Exxon 

. Valdez struck a reef in Alaska 

™ Sound. The resultant spill 

& polluted 1,300 mi (2,100 km) 

of coastline. Efforts to 
remove oil from the shore 

and save wildlife took 
months, and were of 
limited success. 


There is an 
‘ unnaturally high 
* level of caffeine 
in the Pacific. It 
gets there from 
_ human sewage 
“, that has flowed coasts are the 


into the ocean. $3 . perfect habitat 
‘ , Stas Vun ‘e ; SPP TTT ae RSS. for sea otters. 


rt — : & 
ee SS SS 

~ 2 * Dah ‘ we 

,* we. 


> 


Vv The dense 
kelp forests of 
the Californian 


Aairady hohe sepvieccsesscevotacodaleduaneiyn 


oy 
Pe rresceceseresncoseeeeeeaseeeseses 


| STATUES 


We 


= Easter Island is one Weta thy 
§ of the Polynesian ‘Uae? 
¢ © Islands. It is famous ayy. 
2 ere of ahs d Wee, for its culture, r ie: 
acilic seabe S epitomized by huge - 
is covered in 2 1 stonework sculptures. ‘Wii . OCEAN HOME 
red clay that m=) People settled here Sie 2! The Pacific contains some 
has come from — eS B long ago, but their et of the world’s most important 
the land. ae ' overuse of the resi marine wildlife sanctuaries, 


4 


el 


island’s limited tee. e/ including Monterey Bay, the Gulf 
resources led to of California, the Galapagos 
their own demise. ry vee Islands, the Tubbataha Reefs, 


and Komodo Island. 


_ —_ . Ee ee i ae 
. ' In mangrove swamps the Line between Land 
: Wh : : | and sea is blurred by marine forests. The 
} nD) . cunderbans of India is the world's Largest 
[mangrove Swamp. The swamp has formed in the 
Bay of Bengat, where three river mouths meet. 


rt covers about 1,500 38 mi (3,900 $8 Km) and is 
. a unigue rabitat for more than 4O species 
of moammol—inchuding the Bengal tiger. ‘ 


MASSIVE 


MANGROVES 


A chital deer finds 

" food such as fruit 
trom mangrove tr 

in the Gusderfans,.” 
The trees thrive 
even though the 
water is salty. 


Ges are among the most 
active places on Earth, constantly 


carved by the power of the waves 
and molded by weather. A coastline 
marks where land meets sea, and 
coastal communities are as varied 


as their geology. 


Soil ] 
pt Pita from the River Danube p | 
e4, creatin a : 
: : g 4 vast wetlg tar i : 
ee e growing at the rate of 79 Ae, : rad 
O Species of hitd inhabit this ieee 


ecosystem, including 70 
pelican population. g 0 percent of the world’s white 


THALASSOPHOBIA 
IS A FEAR OF 
THE SEAS 
AND OCEANS. 


J TheAval 
Cliffs in Etretat, 
France, are chalk. 
Erosion has create 
sheer faces and 
natural arches. 


The Danube 
Delta is a 
UNESCO World 
Heritage Site, 
recognized for 


its outstanding 
beauty and 
ecology: 


Wind and waves constantly lash at coastal 
rocks, and bizarre landforms can result. Sea 
stacks, arches, and collapsing cliffs bear 
testament to the incredible power of the 
oceans to change the landscape. Storm 
waves of 33 ft (10 m) can erode chalk cliffs 
hy 3 ft (one meter) in just one night 


Dungenes 


in the Us. Spit 


State of 


as 
See 
Shallow constak se. 
as 
ori cs may not alwa 


ae “4s Look spectacular, but 

ae Se pi Ces A vich environment beneath 

te oe Ky, sandy, and muddy seabeds creat 

a a , itats for animals, plants, and al ea 
as fhow in and out with the tide ot ars 

and exposed, creating Wnigue but 

>} 
challenging, habitats. 


) YOCK pooks are submerged 


Prepare to meet the mega monsters 
that have ruled our planet throughout 
its history, in pages packed with 
supersized teeth, tails, jaws, and claws. 


Creatures of the Deep 42 
Big Bugs 44 
Fantastic Fish 46 
Colossal Croc! 48 
King Carnivores 50 
Darkening the Skies 52 
Ocean Hunters 54 
Ultra-saurs! 56 
Dino Champions 58 
Feathered Jumbos 60 
Mega Island 62 
Titan Safari 64 
_ Supersized Serpents 66 
_ The Giants of South America 68 | 
is Monumental Mammoths 70 ak 
| Shark Versus Whale 72 we 
Ice ae STEED 74 


e 


Se <4.No other nese. dinosaur—or any other land-based carnivore 
eS : found so far— s as big as eagle This aeuee lived 100-95 nes 


mega-monsters pro 

W Jaekelo terus’ total size IS estimated or ions 

ie its maseust fossil claw, unearthed in ——-~= Super sea sc p fed 

Germany in 2007, Ie NY have been ust Today's scorpions mostly live in desert 

s ancwn Nee: habitats and rarely exceed 6 10 (15 cm) long 
In the Devonian Period (419-359 mya), 


i known as eurypterids, 


to hunt prey, a 


” 


Jaekelopterus 

g ft (2.5 m) and its P 
another.3 ft (90 cm). Early eury 
dwelled in salty water, although later 
‘they moved into freshwater. They 
belonged to the arachnid group, but 
"are more close ated to modern 
horseshoe crabs. 


incers extended 


ly rel 


W The modern giant 
clam is a wanderer— 
but only when it is 
wk ee a young, tiny form called 
i. , a larva. Once it settles 

onto a sunlit spot in the 
__-reef shallows, it is fixed 

in place and grows to a 
be enormous. , 


51 CM), 
ER peet He GIANT SHELLFISH 
= JAEKELOP ER At 4.2 ft (1.3 m) in length, the giant 
ze FOSSIL CLA is clam is today’s biggest shellfish, but 
Se ae it is tiny compared to its massive 
= LONGER THAN prehistoric relation, Platyceramus. 
ae YOUR FOREARM At 10 ft (3 m) across, this ancient 
giant’s shell was nearly three times 
he current record holder. ee 


AND HAND. wider than t 


Platyceramus’ shell was thinner and 
na giant clam’s, gb 5 
eighed less. #2 Ft ge 

es Fg By a 


“a 
Re "Sp 


more fragile tha 
though, so it probably w 


Bee ee 
‘VThe pie aa 

; ‘Parapuzosia proba Pea Ate 
8-10 tentacles, each one 

longer than/a child's 


a 


¢ 


19d janes 


aojsiva 
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Pot 


Jigantism 


Oday, the biggest living invertebrates 
“=f (animals without backbones) are the aptly 
SF named Colossal and giant squid. muscular tentacles 
a d Ocean, Biologists have noted are equipped with 
2 that animals that live far below the giant, toothed 
Ocean's surface are often enormous, Suckers, which 
Tusoteuth;s longa, a giant Squid that lived sie Bay pratt si 
—*< inthe Cretaceous Period (145-66 mya), 
J Was just as Massive, at around 36 ft 
(11 m), including its 


Pa on land, as in the Sea, 
: Started out small. The first 
Insectlike creatures to leave the 
| water, more than 400 mya, could 
| fit into this “o.” Over time, size 
became important for survival. 
Huge bugs crawled, flew, and 
glided in steamy Carboniferous 
forests—ferns, horsetails, 
and clubmosses. Some 
of these plants were 
200 times taller than ~% 
their modern Li 
‘descendants. 


NAME: Arthropleura 
LIVED: 300 wya 
_ SIZE: total length over ¢ f+ (2.5 mw) 
a ~ DIET: Despite its fearsoyre looks 
* Arthropleura wos likely arte plac matter 
a Atwong leaves, fern fronds, and 
ecaying debris on the flooy of Carboniferous 


“coal forests” 


Many-legged champion 


The largest invertebrate ever to walk the planet was Arthropleura, 

a giant relation of modern millipedes. It grew longer than an adult 
man is tall, and had a helmetlike head even larger than a basketball. 
This enormous creature had around 30 body segments, each with a 
tough protective back plate and probably two pairs of legs. These 

may have allowed it to scuttle quickly across the forest floor. % 


Awesome arachnid 


One of the largest-ever land scorpions was Pulmonoscorpius. 
Scaling up from a modern species, its stinger would have 
been the size of an adult human’s hand. Unfortunately its 
fossils don’t show if it had potent venom. Today's smaller 
scorpions, like the 2-3-in- (5-8-cm-) long death stalker, 
have very deadly poison. Larger modern species have a 
milder sting, and use size and power to overcome prey. 


a —————_——— 


(ia . a. E ; : ; 
Flying giant 

Meganeura and Meganeuropsis were not true dragonflies—they 
were close cousins called griffinflies. These two bugs were not 
only the greatest flying insects, they were the biggest insects 
ever. Top aerial predator of its age (the Early Permian, 
299-271 mya), Meganeuropsis swooped on plant-sucking 
bugs called palaeodictyoptera that were themselves very 
large, with wings 20 in (51 cm) from tip to tip. 
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LIFE-GIVING OXYGEN 
Enormous creepy-crawlies lived during the 
Carboniferous Period, 359-299 mya. At this 
time, oxygen levels were far higher than 
they are today—possibly over 30 percent, 
compared to 21 percent today. Modern 
insects take in life-giving oxygen along body 
tubes called trachea so air seeps naturally in 
and out of their bodies, rather than being 
“breathed in.” The rich air during the 
Carboniferous Period would have delivered 
plentiful oxygen along their lengthier trachea. 
This may explain why ancient bugs were bigger 
than their modern equivalents. 


What a lot of legs! 


Perhaps the biggest-ever centipede was Euphoberia. 
But it is difficult to know for sure—its fossils are not 
complete or detailed enough for us to know if it was a 
true centipede, or a millipede, or some other massive 
creepy-crawly. Some fossils are only 12 in (30 cm) 
long, but these remains may be of youngsters that 
would have grown to be three times longer. 


today—it maxes out at around 40 ft (12 m) 
and 20 tons (18 tonnes). The great white shark 
is the most massive predatory fish of all, at 20 ft 
(6 m) and 2 tons (1.8 tonnes). But prehistory did 
better—Earth’s ancient seas were once home to 
some even more enormous fish. 


FANTASTIC FISH 


he mighty whale shark is the biggest fish alive 


ANCIENT SEA ZONE => 


a 


YW Leedsichthys’ massive 
mouth could easily 

hold 25 bathtubs-full 
of water. : 
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COLOSSAL Croc! 


uring the Early Cretaceous Period, 

145-100 mya, enormous plant-eating ee ae es 
dinosaurs roamed the lands. These giants 
provided mega meals for their predators, 
which included other dinosaurs, and also 
a giant reptile, which lurked in shadowy, 
shallow swamps—the colossal ancient 
crocodile, Sarcosuchus. 


Swampy Sahara 


Today, the Sahara desert is the exact opposite of a great crocodile 
habitat. But fossils that have been found here from the early Cretaceous 
Period include fish, amphibians, and other aquatic creatures. There are 
also remains of plants from river banks, shallow pools, and marshes— 
and even preserved ripples in sand and mud, showing the direction and 
speed of water currents. In this ancient mosaic of wetlands, 
Sarcosuchus ruled. 


Overbite, u: er front teeth 
i vis _ extended beyond lower jaw 
¥ Like today’s crocodiles, Skull l we 
Sarcosuchus could move well ual nearly 6 ft (1.8 m) 
on land but it would have been y : 


even more efficient in water. 


; _ “aeiroeete 
+ cas® 
Total number of teeth 
more than 120 
Weight 


pproaching 9 tons (8 tonnes) 


me Length 
@ almost 40 ft (12 m) 


> The immensely 
long yet slim jaws 
of Sarcosuchus were 
ideal for swishing 
sideways to grab 


FOSSIL DISCOVERIES 

1867 1869 1907 1949, 1950s 1957 1964 1966 1977 

Brazil USA USA Africa Central Algeria, Northern Niger Paris, France Europe 

Large fossil Crocodile teeth Crocodylus hartti Various fossil Southern Tunisia, Nearly complete  Officiallynamed © Goniopholis hartti 

crocodile officially named reclassified as pieces found, Northern Niger fossil skull found  Sarcosuchus fossils reclassified 

teeth found Crocodylus hartti Goniopholis possibly Teeth confirmed imperator ~ as Sarcosuchus 
hartti crocodilian as crocodilian hartti 


Y Fossil evidence indicates Super hunter 


that the 3-ton- (2.7-tonne-) 
Se GE dinosaur Ouranosaurus wasa — Sarcosuchus probably had a similar hunting style to a 
WORK OU ILE BY likely feast for Sarcosuchus. modern croc, lying still and unnoticed at the water’s 
OF A CROCOD edge, waiting for its victim to come for a drink. With 


EXAMINING THE 
ANNUAL GROWTH RINGS 
THAT FORM IN THEIR 
BONES. FOSSILS SHOW 
THAT SARCOSUCHUS 
LIVED TO AN AGE 
OF 60-PLUS. 


| 
barely a ripple, it would have silently glided up to its | 
prey, before surging up to bite with ferocious power 
and dragging down the victim. 
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Modern giant 


On the far eastern edge of the Sahara desert flows the river that 
gives its name to the second-hugest living reptile—the Nile 

crocodile. At 20 ft (6 m) long it is only half the length of 
Sarcosuchus. It weighs one ton, and is by far the biggest 
predator on the African continent, capable of 
grabbing and drowning any zebra, buffalo, or 
even young elephant that comes close. It 
is also the suspected killer of more 
than. 200 humans every year— 
imagine how deadly 
Sarcosuchus would 
have been! 


Long, slim 


1997 oh 
a i HF <4 The Nile crocodile 
Bigger, better fossils ; 

of Sarcosuchus surges up to leap almost 


out the water—not even 
birds are safe. 


imperator unearthed 


AING ti ge 


arnivores 


| Ralsneabee rex was thought to be the greatest land 
predator for almost a century, and is one of the most 
famous dinosaurs of all time. But in recent years other 
mega contenders have been discovered. Larger carnivorous 
dinos from the Cretaceous Period (145-66 mya) 
are now claiming the title. 


Giganotosaurus 
Length: 43 ft (13.1 m) 
Weight: 8.2 tons (7.4 tonnes) 
Lived: 97 million years ago 


Tyrannosaurus rex 
Length: 40 ft (12.2 m) 
Weight: 7.5 tons (6,8 tonnes) 
Lived: 66 million years ago 


P 
Deposed king lizard South America takes over 
T rex received its now world-famous name in 1905. In 1995, Giganotosaurus was named from 
There are currently over 30 known specimens, the Argentinan fossils found by mechanic and part- 
largest of which is “Sue.” This remarkably intact time fossil-hunter Rubén Carolini. This important 
giant fossil was unearthed in South Dakota, U.S., find deposed T rex from its throne. The fossils of 
in 1990 and was named after its discoverer, Sue Giganotosaurus showed it had a long skull, wide 
Hendrickson. The teeth of T rex are among the gaping mouth, fearsome stabbing teeth, powerful 
longest and probably the strongest of any jaw muscles, relatively tiny front arms, and thick, 


dinosaur, at up to 9 in (23 cm), curved, and thick. strong back legs and tail. 


THE BACK SPINES OF 
y SPINOSAURUS WERE 
UP TO 6 FT (1.8 M) 

TALL AND ITS SAIL 

HAD THE AREA OF 
TWO DOUBLE-BEDS. 
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DARKENING 
the Skies 


he biggest-ever flying animals were the great 
pterosaurs of the Dinosaur Age. Classed as reptiles, 
they evolved separately to birds. Many were 
probably furry and warm-blooded too. They 
were a highly successful animal group, 
ranging in size from tiny to colossal. 


Flying deity 
Quetzalcoatlus northropi 
was named in 1975 after the 
feathered serpent-god of Central 
America, Quetzalcoatl. Living 68 mya, 
its wingspan of 36 ft (11 m) was 
similar in size to a modern plane 
capable of carrying four people. Its 
weight was also extraordinary. At 
over 440 lb (200 kg) it weighed 


almost as much as those four ieee 
: ; pterosaurs, 
passengers. Like other pterosaurs it Quetzalcoatlus had 
could flap strongly, but its mammoth air-filled bones to lighten 
bulk meant it probably spent a lot of its vast body and wings. 


time soaring in the rising air of 
updraughts and thermals. 
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<4 Two Tropeognathus 
tussle and scrap in 
midair over a fishy meal. 


= 
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—“S 
“af Snapping jaws 
Preserved remains of 

Tropeognathus were uncovered : 
in Brazil’s famous Santana 
Formation rock in South 
America, in about 1980. It was truly enormous, with 
a wingspan of 27 ft (8.2 m). Its name means “keel jaw,” 

as it has two strange flanges or keels, like half dinner 

plates, stuck onto the upper and lower front of the snout. 

The teeth were pointed and well spaced, ideal for grabbing 
fish and squid. Tropeognathus would have soared and then 
swooped to skim the sea’s surface, dipping its great jaws in “a 
to snap and grab its slippery prey. a?" 


<@ Hatzegopteryx had an immense 
skull over 8 ft (2.4 m) in length. 


Romanian giant 


Hatzegopteryx fossils, named in 2002, come from 
Transylvania in Romania. The remains are scarce, 
mainly a piece of skull and a humerus (upper- 
arm bone), but they are definitely 
pterosaurian. The fossils could be the 
same as Quetzalcoatlus, but they 
suggest even greater size, with 
wings spanning an extraordinary 39 ft (12 m). If 
so, Hatzegopteryx would be the greatest flying 
animal ever. Its name means “Hateg wing” after 
the region where it was found. Hatzegopteryx lived 
around the same time as Quetzalcoatlus northropi, 
at the end of the Cretaceous Period. 


<@ Pterosaur wings were held 
out by hand and finger bones, 
especially the extremely 

elongated fourth finger. 


A recent find 


Pterosaurs had very light, thin bones that 
helped their large bodies to fly. This type of bone 
doesn’t fossilize well, however, as fragile bones soon 
disintegrate. This means pterosaurs are often described 
from minimal remains. A recent find has been called 
Alanga. It was named in 2010 from a few pieces of jaw, and 
one possible neck vertebra (backbone). A very rough 
wingspan estimate is 20 ft (6 m). 
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© SHASTASAURUS 
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} Shastasaurus breathed through 
Toothless hunter 4 } two slits just in front of the eyes 
At 70 ft (21 m) long, and 55 tons (49 tonnes) in weight, * at the snout base—here closed 


underwater. This giant lived 


the ichthyosaur Shastasaurus is the largest marine a 
a 210 mya. 


reptile known from fossils—it was almost great 
whale-sized. Unusually for an ichthyosaur, its long, 
' slim jaws were toothless. Instead, it probably fed 
by powerfully sucking in soft-bodied prey such 
as squid and cuttlefish. Like all marine reptiles 
it had to surface regularly to breathe air. 


xy 


Frightful fangs 


Of the pliosaurs (short-necked plesiosaurs) known from 
reasonably plentiful fossils, Kronosaurus was one of the 
biggest. Its frightful teeth measured up to 12 in (30 cm), 
with about half anchored in the jaw bone. The whole 
beast had a length of 33 ft (10 m) and weighed up to 
17 tons (15 tonnes). Its remains are known from the 
Southern Hemisphere, mainly Australia and 
Colombia, South America. 


" 
: / KRONOSAURUS 
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Kronosaurus had an immense head 
almost 10 ft (3 m) long with jaws 
that stretched nearly its full length. 
It lived 115 mya. 


A CHANGE 
Snake-necked slayer IN THINKING 


With a neck that took up half of its total length, |  Mosasaurus fossils found in the 1760s 

experts argue about how the plesiosaur were an important trigger for change in 
Elasmosaurus attacked its prey. An older theory erent thinking. eagle meet elon 
argued it hunted at the water's surface, head PetCo eee gee decoatized that 


: ; the Mosasaurus remains were from a reptile, 
held high, ready to dart down like a toothed not a fish or a whale. This gave him the idea 


harpoon to snap up fish from above. Newer that a species had become extinct. This idea 

ideas portray it lurking below and striking went against the religion-based view of the 

upwards. This ocean killer had a length of time, that species were fixed and 

46 ft (14 m) and a weight of around unchanging. Cuvier adapted his beliefs to 

2.2 tons (2 tonnes). say that biblical catastrophes, such as 
floods, had made ancient animals extinct, 
then God created a new set. This theory 
persisted until 1859 when Charles Darwin 
(1809-1882) published his ideas on 
evolution by natural selection. 


Elasmosaurus probably jabbed at 
small prey such as fish and squid 
less than 3 ft (I m) long. It roamed 
the seas 80 mya. 


A Georges Cuvier changed the scientific 
view of prehistory by accepting that 
giant reptiles, massive mammoths, and 
other species had become extinct. 


Late on the scene 


with a weight of 16 tons (14.5 tonnes), it was a terror 
= of the Late Mesozoic seas covering Europe and North 
Long and slim, Mosasaurus swam America. Like Kronosaurus, the outsized jaws with 
fast by swishing its powerful rows of robust conical teeth set in the mighty- 
front flippers and steering with . muscled mouth show that Mosasaurus 

area oces staves 0S mya. specialized in ripping into big prey. 


SINVID D1d0 


One of the last and most deadly of the Dinosaur Age f 
marine giants was Mosasaurus. At 56 ft (17 m) long, and j 
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he mi : ¥ In the 1990s, experts 
T € mighty dinosaurs were not only worked out what 
record-breakers in size. From the 


Therizinosaurus may have 
biggest-ever claws to the most mega nities a 
head crest, these champion 
_ reptiles ruled the planet for 
150 million years, and 
exhibited some of the 
most massive 
body features 
imaginable. 


Enormous claws 


The biggest claws of any animal 
ever belong to the therizinosaurs or 
“scythe-lizards.” Their closest cousins 
were the small, fast, and fierce meat- 
eating raptors, but the largest kind, 
Therizinosaurus, was as huge as a 
Tyrannosaurus. Its massive claws are 
only one of its odd features—it had a 
small head, long neck, and a wide, bulky 
body. Experts are still unsure why its 
claws were so enormous—maybe they’. 
sliced off or raked up leaves to eat, 
dug up termites and similar bugs as ~ 
food, or perhaps their claws were oe 
used to fight off predators. i 


IN THE 1940S IT 
WAS THOUGHT THAT | 
THERIZINOSAURUS FOSSIL 
CLAWS CAME FROM A GIANT 
SEA TURTLE:THAT USED © 
"THEM TO CHOP SEAWEED! 
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> These fossil eh 
eggs are probably sie" 
from Titanosaurus, 4 & 
a huge sauropod 
dinosaur. 


the ice 


The largest penguin today 

is the emperor, at around 4 ft 

(1.2 m) in height. But its prehistoric 

relative, Icadyptes, was bigger. It lived 

35 mya in South America and grew to 6 ft 
(1.8 m) tall. Icadyptes weighed three times 
as much as a human, and had a tremendously 
long, strong, and daggerlike beak. 


FEATHERED 


Terrifically tall 


The giant moa of New Zealand 
was the tallest bird ever—its 
extraordinarily long neck made 
up half its height of 13 ft (4 m). 
As there were no large mammal 
plant-eaters in New Zealand, 
several kinds of moas evolved to 
take their place. Like elephant 
birds, humans probably hunted 
the moas to extinction a few 
centunes ago. 


Whopping wingspan 

Also called the giant teratorn, Argentavis is named 
after the country where its fossils have been found— 
Argentina, in South America. It looked like a modern 
vulture but was over twice the size, standing more 
than 6 ft (1.8 m) tall. It was the biggest ever flying 
bird, and tore up prey with its deadly hooked beak. 
Its wingspan reached 23 ft (7 m), and it weighed 
155 lb (70 kg). 


Humongously heavy 


The bulkiest land bird ever to 
exist was the giant elephant bird 
Aepyornis maximus, weighing in 
at almost half a ton, and standing 
9 ft (2.7 m) tall. It survived until 
around 400 years ago on the 
island of Madagascar, in the 
Indian Ocean. As the bird was so 
outsized it couldn't fly—or escape 
its human hunters. They were the 
likely cause of its extinction—as 
well as hunting the adults, humans 
also collected the birds’ huge eggs 
and chicks. 


p> Meiolania hada 

thick, domed shel 
and its legs Were 
probably BONE 
enough to we 
on land. 
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Y “ x ae AT 7.2 FT ‘ 
a (2.2M) TALL, AND 
_200 LB (227 KG) IN WEIGHT 
THE SHORT-FACED KANGAROO 
BICC OPTODON, WAS THE 
teat . zi ~e ues EVER KANGAROO. LIKE 
. co nie Wy rs ANY AUSTRALIAN Giants 
<kull, a Low. Wide body 21 © 6: ee ee calSeD BY Muna 
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Today’s rhinos are mostly solitary 
beasts, mainly living alone apart from 

a mother with her young, or calf. The 
calf follows its mother closely for one 

to two years—and she is one of the 
fiercest, most protective parents in the 
animal world. If Paracerathenum was © | 
similar, few predators would dare to 
enrage such a massive mother, whose 
maternal instincts would be to charge ~ 
_at any potential enemy, head-butt it, 
-and trample it into the earth. 
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Naming the beast 


Most experts now call the biggest-ever land mammal 
Paracerathenum, which means “near horn beast.” In the 

past, as new fossils were discovered, experts disagreed about 
its name and whether the different specimens belonged to the 
same family. It has been called Baluchithenum and 
Indrcothenum among others. The argument was put 

to rest in 1989 when an expert review suggested all the 
genera should be known as Paracerathenium, with 


about four or five distinct species. 


Vv Paraceratherium’s long, 
slim legs made it more 
energy efficient whilst 
looking for food. 


mB Over millions of years, a number of evolutionary pressures 
} enabled paracerathenum to become such a blockbuster. Its 
rhino group heritage gave it a large body size to start with. 
It is possible that at the time of its existence many other 
herbivores competed for low-growing vegetation. Higher 
leaves in trees were relatively unexploited food sources and 
so over many generations, natural selection favored 
creatures with longer necks and legs- A greater bulk was 
also a form of defense against predators. 
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the leading p Pon ss 


redator of its time, t 


Iflike creodont Hyaenodon. 


Cretaceous Period, 
New sets of huge la 
evolved to take the 
These included sup 
Snakes and enormo 


us 
. amphibians, 


V Prionosuchus had a long snout, 


’ Sharp teeth and an elongated body. All-conquer ing amphibian 
oF 2» ta, * a> 
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p> Enormous Gigantophis= 


probably grew up tO oft: 
(11 m) in length. 


a constrictors ~ 


es were 
phis is known from fos 


palaeophis and 
sils found 1n North 


bly a muscular, coiling 
) long, lived in 
nake today. 


More meg 


Two other massive pre 
Gigantophis. Giganto 
Africa. Like Titanoboa it 
constrictor. Palaeophis, a 
the sea, although it was vastly 
Tts fossils come from Europe and North 


historic snak 
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Mammoths fe 4 


Miarmetns are the enormous extinct 


relatives of modern elephants. Their A mammoth’s enormous 


remains have been found in many places US ete ae 


around the world, as far south as Mexico and used as defense against 
predators. They also swept 


as far north as Alaska. The best remains away snow to allow access 
to ground and low-growing 


have been found in Siberia, where bodies ; plant food, and could dig 
have stayed frozen for thousands of years. We ee 


Epic elephants 


The elephant family, Proboscidea, has been around The long trunk was used 
for almost 60 million years. Early members during communication and 
were dog-sized, but they soon evolved huge for eating and drinking. 
bodies, tusks, and trunks. These enormous 
body features provided great power and 
strength, and as a result, mammoths 
dominated other plant-eating 
competitors that might have 
wanted to muscle in on their 
food supplies. 


<4 Male steppe mammoths 
had tusks that could grow to 
an incredible 18 ft (5.5 m) 
in length. 


IN THE FAMILY 

A MAMMOTH’S LARGE BODY Hundreds of species in the elephant family have 
SIZE HELPED IT TO STAY AT existed, but only three survive today—the African 
A MORE EVEN TEMPERATURE | bush elephant, African forest elephant, and Asian 


elephant. Some long-extinct relatives had tusks 


IN EXTREMELY COLD | that curved down, or even down and backward. 


CONDITIONS. Trunks varied across the group, from long and 
snakelike to a short, broad “shovel” design. 


: . a 
ENORMOUS RELATIVES 


American 
mastodon 
Range North America 
Head-body length | 2 ft (3.7 m) 
Shoulder height 9 ft (2.7 m) 
Tusk length 6 ft (1.8 m) 

Weight 7 tons (6.3 tonnes) 

Lived | 1,000 years ago 


<_§§ Gomphotherium 
Range North America 
Head-body length | 3 ft (4 m) 
Shoulder height |0 ft (3 m) 
Tusk length 7 ft (2 m), two 
upper and two lower 
Weight 6 tons (5.4 tonnes) 
Lived 6 million years ago 


Deinotherium 
Range Europe, Africa, Asia 
Head-body length !7 ft 
(5.2 m) 

Shoulder height | 3 ft (4 m) 
Tusk length 4 ft (1.2 m), 
down-curved 

Weight | 0 tons (9 tonnes) 


One steppe forwa rd Lived One million years ago 


The steppe mammoth Mammuthus 
trogontherii was far larger than any 
elephant today, and probably bigger than 
any other mammoth too. Its total nose- 
tail length was perhaps up to 45 ft 

(13.7 m), with a shoulder height of 16 ft 
(4.9 m). It may have weighed well over 
14 tons (12 tonnes). Steppe mammoths 


lived on the vast grassy plains, or 
steppes, that were common across the 
north of Europe and Asia about half a 
million years ago. 


wo supreme sea monsters— 
Megalodon and Livyatan—ruled 
the oceans 12 mya. These deep-water 
devourers were among the most savage 
creatures to ever swim the seas. But 
what would have happened if these two 
giants ever came head-to-head? 


The middle Miocene 
lodon and Livyatan pa 


d : 


in the hot-blooded-corner... 


Contestant Livyatan was almost as massive as 
the largest ocean predator on planet Earth 
today—the sperm whale, which can reach 65 tons 
(59 tonnes). Back in the Miocene era, Livyatan 
was indeed the biggest ocean hunter—apart from 
its deadly nval, Megalodon. The mighty 
prehistoric whale was named Melville’s sperm 
whale after Herman Melville, author of an 
exciting adventure story written in 1851 about 

a sperm whale named Moby Dick. 


Meaning “Ragged 
Weight 50 tons (4 


Jaw width 11 Ft (3.4m) _ 
Tooth length 6.3 in (16 cm) 


Estimated maximum speed 35 mph (56 km/h) 


Maneuverability Medium 


STRENGTHS AND 
WEAKNESSES 


Livyatan had size and bulk on its side. 
Like all whales, it was warm-blooded 
and breathed air, meaning it could 
speed through cold seas faster than 
Megalodon, but it was also at risk of 
drowning if held under or disabled 
beneath the surface. Its adaptable 
mammalian intelligence might help 

to outwit its opponent. 


STRENGTHS AND In the cold-blooded corner... 
om WEAKNESSES 


Megalodon’s teeth were incredibly sharp, and 
its bite power was among the greatest of any 
animal. It was fast in warm seas, and its senses 
were highly tuned. But cold temperatures would 
slow it down, and its relatively unintelligent 
brain might not have been capable of working 
out what to do in a tactical battle. 


Cruising the oceans from about 25 to 1.5 mya, Megalodon 
was a giant version of today’s great white shark. This means 
we can guess how it lived and hunted based on what we 
know about its modern, small cousin. Like Livyatan, 
Megalodon would have attacked almost any sea life—fish, 
squid, smaller whales, dolphins, seals, sea lions, sea turtles, 

sea cows, sea birds—the list goes on. Its kind lasted over 

20 million years, making it one of the most successful 

Gh mega-predators in Earth’s history. 


Battle breakdown 


If these beasts had ever fought, Nee 
might have used its sharp teeth to a eae | 
fore retreating to wait for the whale to pe. | 
od n might have attempted a full-fronta € : . 
“om 3 break or bite through its adversary s He, 
herd but Livyatan could have counterattac e 
sth ae endous whack from its huge tail fies 
Bera evidted around to use its giant teeth! 


ce Ages have happened all through Earth’s prehistory. 

The most recent filled much of the last 100,000 years 
and covered many northern lands with ice and snow. All 
kinds of large mammals, known as Ice Age mega fauna, 
roamed these cold regions, and were highly adapted to 
the bone-chilling winds and thick snow. 


> The €normous short- faced 


bear died out 
approxi 
11,500 years nee Proximately 


+he woolly rhino had two 
nose horns—the curved 
one ot the fromt was UP 
to 3 f+ 0 cm) in length. , 


. e ls oe = 

: : . yy Z 7 Coldest an gest. ¢ 4 
Warm rhino ae J Today's biggest bears ~— 
Long, thick fur'was a fantastic ‘3 mn Sg , and grizzly—live in co “tage f . 
asset to ice age mammals. The . “eee environments. The fits j 

'? 3 n 

woolly rhino was one of the Pe natural princi ple called | with : 
hairiest, with a dense coat up to e, rule—withi 


5 inches (12.7 cm) thick—as shown 
by deep-frozen specimens that 
have been melted out of Siberian 
ice. Our ancestors’ cave paintings 
show early humans attacking these 
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rhinos, possibly with spears and —it was 8 ft 

other weapons—one very Over 1.1 tons (; . 7 

probable cause of its demise in weight. ' -' Oe otek ke, 4 

by 10,000 years ago. . . > aie vvassve We pend, ond Wuge 4 
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Superstar reborn? -74 
One of the best known ice 
age mammals is the woolly 
mammoth. It was covered in 
hairs up to 3 ft (90 cm) long to 
preserve body heat in subzero 
temperatures. The science of 
genetics is progressing so fast, 


me 
some experts think this extinct : = 
animal, and others, could one = 
day be brought back from the 4 ark | 
ed mae need the ie About |0 years old and 10 ft (3 m) long, “Yuka” the mammoth Ae 2 
complete DNA set of genes— ‘@ was almost perfectly preserved around 40,000 years ago. = 
which we might find preserved _—— a | Is 
in sites where mammoths, and siege ey mn ee SA ie iE 
similar creatures, deep-froze > 
in the ice of the far north. ICE AGE ANIMALS 
DIED OUT IN THE LAST . y 


20,000 YEARS, AROUND 
THE TIME EARTH’S CLIMATE 
BECAME RAPIDLY WARMER. « 


The largest Smilodon 
species was S. populator, 
which survived until 
perhaps 10,000 years ago. ° 


» Swords for teeth 


Big ice age prey like mammoths, 
giant deer, and giant bison were 
hunted by great predators. The 
saber-toothed cat, Smilodon, of 
the Americas just outsized the 
largest cat today, the Siberian 
tiger, with a head-body length 
of 7 ft (2.1 m). It weighed an 
exceedingly heavy 840 lb (381 kg). 
Smilodon’s curving, swordlike 
saber teeth were much more 
impressive than any true tiger— 
at 12 in (30 cm) long, they were 
excellent hunting tools, used 
to slash victims’ flesh. 


extreme 
UNIVERSE 


From a storm more than twice the size of 
Earth, to colliding galaxies and the fiery 
birth of a star—this tour of the Universe 


is guaranteed to make you feel tiny. ay 
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<4 The Orion Nebula is one of the nearest to Earth. It measures 
about 30 light-years across and contains 2,000 times more matter 
than is found in the Sun. 


he Universe is unimaginably big 


It contain 
S vr 
welled a8 all the matter and en ergy |g these four galaxies, called Stephan’s Quartet, have been 
l . out, and scien tists colored to show their ved shifts. The three ved galaxies are 
earn ng more all th 7 ars | further away and traveling faster 4+han the closer, bluer galaxy. 
Theory describes how the inne eee | 
bean an ow the Universe How DO WE KNOW THE 
expanded rapidly into the. ———SCUNIVERSE |S EXPANDING! 


Universe that exists today. 


y 


As distant galaxies move away from Earth, the light waves 
they give off ave stretched out behind them, making them 
look ved in color. This effect, called red shift, was first 


The Universe began with energy :| 

oe enormous Copa Saint caller discovered by Austrian mathematician Christian Doppler 
(2 a micrase 5 J : 

, Prom uiarity- w IZYZ. Edwin Hubble then showed that a galaxy’s ved 


shift is proportional +o its distance from Earth. The 
further away a galaxy is, the greater its red shift and the 
faster it must be moving away from Earth. Massive red 

- chifts reveal thot the most distant objects in the 

- Universe ave flying away from Earth at astonishing 
speeds—of ten approaching the speed of light. 
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Galaxies are divided 
into three main groups 
according to their 
shape. About three- 
quarters of all galaxies 
are spiral shaped. They 
have a center called a 
hub and long, curved 
arms. If the center is 
rectangular, the galaxy 
is called a barred 
spiral. The next most 
common, called 
elliptical galaxies, are 
round or ovalin shape 
and contain few new 
stars. Irregular 
galaxies have no 
definite shape and 
form when two 
galaxies collide. 


Gallery 


tars travel through space in giant groups 

called galaxies. There are billions of 
galaxies, each containing billions of stars. 
Galaxies are so vast and far apart that their 
sizes and the distances between them have 
to be measured in light-years—the distance 
light travels in a year. 


Andromeda Galaxy 


*- 
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Our neighbor BT utc. utr Deep res 


One of the largest galaxies in the Universe 

is a spiral galaxy called Andromeda. 

Although it’s about 2.5 million light-years Teeming with galaxies 

away from Earth, it’s so big that it can be 

seen with the naked eye. Andromeda is In 2004, the Hubble Space Telescope took a photograph of one 
surrounded by more than a dozen dwarf tiny spot in space. The image was found to contain 10,000 of the 
galaxies that line up in a strange way— most distant galaxies ever seen. Based on this, scientists worked out 
scientists can’t yet explain why. that the Universe could contain as many as 500 billion galaxies. 


Light from these galaxies travels across the Universe for about 
13 billion years to reach Earth. 


ly hy ate 


Cloud of creation 


Nebulae are vast clouds of gas and dust 
within galaxies. They glow brightly, 
either because they are hot or because 
they are lit up by nearby stars. Dark 
nebulae are clouds of dust that block 
light coming from stars behind them. 
Inside nebulae are all the elements 
needed to form new stars, so some act 
as nurseries where new Stars are born. 
The Eagle Nebula is 75 light-years 
across and has several star-forming 
regions within it. 


, . “ THERE ARE MORE THAN 
- 7,000 KNOWN NEBULAE 


—, IN THE UNIVERSE. 
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Collision course 


Occasionally, two galaxies 
collide. As the galaxies 
move through each other, 
the energy from the crash 
sends streams of gas and 
stars flying out into space. 
Sometimes, the two 
galaxies merge to form a 
new galaxy. The Milky Way 
is on a collision course 
with the Andromeda 
Galaxy, but the impact 
won't occur for 4 billion 
years. The Antennae 
Galaxies violently smashed 
into each other a few 
billion years ago, causing 
stars to be ripped from 
each galaxy to form an arc 
between them. 


A LIGHT-YEAR IS EQUIVALENT 
TO NEARLY 6 TRILLION MI 
(9.5 TRILLION KM). 


WHAT SHAPE? 


From Earth, the Milky Way looks like a bright hazy band across the 
sky. This shows that the Milky Way is a flat, disk-shaped galaxy. 
All other galaxies of this shape are spirals, so scientists worked 
out that the Milky Way is a spiral galaxy. 


A Earth is situated in one of the vast arms of stars 


curling out from the middle of the Milky Way. 


From the side 
looks like ath 


i 


oo @ STICK TOGETHER 
The Milky Way (left) and Andromeda (right) travel 
° through space with a cluster of galaxies called the 
es ‘ Local Group. Held together by gravity, this group 
é contains more than 50 galaxies. Some of the = 
@ largest clusters, such as the Coma, contain more 

than 1,000 galaxies. The Local Group and.100 

other clusters make up the Virgo supercluster. 

There are millions of other superclusters 

throughout the Universe. 


ie R : ® <The Local Group of galaxies is about 
10 million light-years across. Bast 
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Star DEATH 


(though stars appear to 
century to century, they 


be constant and unchanging from 
don’t last forever, All the time 


i 


1. Red giant a 
When a star runs out of fuel, it swells to hundreds 

of times its original size, forming a red giant. The 
expanding outer layers of the star cool, making it look 
red. In about 5 billion years, the Sun will become a 
red giant, huge enough to swallow Mercury and Venus. 
The largest red giants are called red supergiants, and 
are up to 1,500 times bigger than the Sun. 
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2. White dwarf 

A red giant’s core eventually loses its grip on its — 
outer layers, which drift into space. The layers form — 
a huge shell of gas called a planetary nebula with a 
white dwarf, a tiny remnant of the original star, in 


the middle. A white dwarf cannot produce enough 
heat to survive, so gradually cools and dies. 


Pearce — 
¥ Red giants are stars 
that have used up all the 
hydrogen in their core. 
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THE RED GIANT SUN WILL BE 
UP TO 200 TIMES BIGGER 
THAN THE SUN TODAY. 


AA giant ring of gas, a planetary 
nebula, surrounds a dying star. 
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After a supernova, the on 
that is left behind ova ’ 
to form a dense object a 
neutron star. A ee ie A 
star is more mas ul 
+50 dense that it 1S 
Pin ae smaller naa 
Buin. A Boeing 747 squas 
to the same density ie a 
neutron star would be i e 
of a grain of sand! 


Rt 


W A supernova blasts out gas 
into space in all directions. 


VA neutron star is made of neutrons, a 
particles of matter with no electrical charge | =" 
‘that are normally found in atomic nuclei. 


5. Black hole 


A massive star continues to 
collapse beyond the neutron 
star stage, becoming a black 
hole. This region in space 
becomes so dense with such 
powerful gravity that 
nothing, not even light, 

can escape. It sucks in 
nearby stars and nebulae. 
Most galaxies have a 
supermassive black hole at 
their center. The black hole 
at the center of the Milky 
Way is as massive as 

4.3 million Suns. 


A SPECTRUM STUDY 
Most of the electromagnetic 
spectrum does not pass through 
Earth’s atmosphere—if any gets 
through, it is distorted by the 
atmosphere. Visible light and some 


radio waves reach the ground. 
Gamma rays, X-rays, most ultraviolet 

Corn of the energy given out by stars and galaxies light, most infrared rays, and long 
radio waves can only be studied by 
instruments in space. 


is blocked by Earth’s atmosphere, so doesn’t 
reach telescopes on the surface. To study this energy, 
telescopes and other instruments are launched into 
space and stay active for ten years or more. 


VW Chandra studies X-rays. 
coming from the hottest 
parts of the Universe. 


X-ray search 


The Chandra X-ray Observatory has 
been searching for X-rays in space since 
1999, At 45 ft (14 m) long, it was the 
biggest satellite ever launched by a 
Space Shuttle. Chandra has discovered 
X-rays coming from black holes and 
pulsars. It also found new stars that 
had never been seen before. Some of 


the objects it studies are so far away 
that light and X-rays from them have 
taken 10 billion years to reach out 
Solar System. 
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The Big Four 


Between 1990 and 2003, NASA's Great Observatories 
Program launched four powerful space telescopes. 
Each one studied a different part of the 
electromagnetic spectrum. The Hubble Space 
Telescope was first, working mainly with visible 
light. It made many major discoveries, including 
capturing the moment Shoemaker-Levy 9 comet 
collided with Jupiter in 1994. It was followed by 
the Compton Gamma Ray Observatory and then the 
Chandra X-ray Observatory. The last was the Spitzer 
Space Telescope, working at infrared wavelengths. 


Herschel’s 


discoveries 


In 2009, the European 
Space Agency launched 
the Herschel Space 
Observatory. It made 
important discoveries 
about the process of star 
formation and the 
evolution of galaxies. It 
found enough water vapor 
around one young star to 


fill thousands of oceans, 
leading scientists to 
believe that water-covered 
planets may be common in 
the Universe. Its mission 
ended in 2013 when the 
liquid helium that cooled 
the telescope ran out. 


Y The Spitzer infrared 
space telescope had to 
be super-cold to work. 
Liquid helium chilled it 
to -449°F (-267°C). 


A The 7,300-Ib (3,300-kg) 
Herschel Space Telescope 
was designed to study the 
coldest and dustiest objects 
in space. 


‘- 


V The Hubble ‘i. 
Space Telescope . 
has been taking 
spectacular 
photographs of 
stars and galaxies 
since 1990. 
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Future launch 


The James Webb Space 
Telescope is being built as 
a successor to the Hubble 
Space Telescope and will 
be launched in 2018. It 
will work mainly at infrared 
wavelengths, studying the 
history of our Universe, from 
the Big Bang to the evolution 
of the Solar System. 


A The James Webb 
Space Telescope will 
search for new 
planetary systems 
that are forming now. 


STAR STUDIES 

Until the 20th century, 
astronomers studied only the 
light given out by stars and 
galaxies. However, this is just 
a fraction of the radiation 
they emit. By studying stars at 


o 
other wavelengths—such as 
radio, X-ray, ultraviolet, and 
infrared—astronomers receive 


more information about what's 
happening inside stars and 


he Universe is so vast that most of it is too far away to nataxies, and in theta 
reach with spacecraft. Instead, scientists use powerful around them. 
telescopes to explore and observe galaxies, distant planets, 
and outer space objects. The largest telescopes are the most 


effective, creating detailed images. 


Y The five HESS | H ' : ; 
Eicaoe have found Spotting gamma rays 


Many ‘new gamma Frey The High Energy Stereoscopic System — ve 
sources in the Milky Way. (HESS) looks forgammaraysin 


a clever way. Earth’s atmosphere = a 
blocks gamma rays from aa tel 


but as the rays dive into tt 
, atmosphere and collide 


" ELECTROMAGNETIC ENERGY a a a a as 
VuVUUVV VY UuUYVY 
GAMMA RAY X-RAY 


Observatory up high 


Earth’s atmosphere bends starlight and causes 
stars to twinkle, which makes it difficult for 
optical telescopes to produce sharp images. 

One answer is to build telescopes, such as the 
W.M. Keck Observatory, on mountaintops where 
they are above most of the atmosphere. The dark 
skies, low humidity, and high altitude at the 
summit of Mauna Kea in Hawaii make it an 

ideal location for astronomical telescopes. 


ULTRAVIOLET 


VY The summit of Mauna 
Kea is home to a dozen 
astronomical telescopes. 


VISIBLE 


_ galaxies where new stars are born. 


INFRARED 


are clouds of hot 
gas on either side 


telescopes, but 
radio telescopes 
reveal them. 


CARMA 


The Combined Array for Research in Millimeter- 
wave Astronomy (CARMA) is a group of 
telescopes that study radio waves given out by 
cold gas and dust in space. The information 
collected by the 23 telescopes is combined to 
form detailed images. The Array has been built 
7,200 ft (2,200 m) up in the Inyo Mountains, 
California, U.S., where the thin, dry air is 
perfect for receiving radio waves from space. 


_WThe CARMA telescopes study 


the clouds of gas and dust in other 


@ The orange areas 


of a galaxy. They are 
invisible to ordinary 


MICROWAVE 


Building the SKA 


While optical telescopes use 
light to create images, radio 
telescopes use radio waves. 
To study radiation in the 
most remote parts of the 
Universe, astronomers 

need an enormous radio 
telescope—so they are 
building the biggest yet. The 
Square Kilometre Array (SKA) 
will combine radio signals 
from thousands of smaller 
antennae over an area of 
0.4 sq mi (one square 
kilometer). 


¥Y The Square Kilometre 

Array is being built across 
two sites in Australia and 
South Africa. 


RADIO 


(91) 


a 


EXOPLANET 


Lottery. 


SUPGie-GRUT 


The first exoplanets to be found were bigger 

than Jupiter. As technology improved, smaller 
exoplanets could be detected. Exoplanets that 
are bigger than Earth but smaller than gas giants 
are called super-Earths. The first super-Earth 
orbiting a Sunlike star, called 55 Cancni e, was 
found in 2004. Kepler-22b, a super-Earth 
discovered in 2011, is bigger than Earth but 
smaller than Neptune. 


MABINABUEUTORUD'S 


The list of habitable planets is growing and recent discoveries include 
Kepler-62e. Known as Goldilocks planets, they lie within their star’s 
Habitable Zone, or Goldilocks Zone—just the right distance from the star 
for life to exist. Scientists believe that 40 billion stars in our galaxy are 
similar to the Sun and there may be 8.8 billion Earth-sized planets. There 
is a chance that these planets may harbor life and could be colonized by 
humans in the distant future. 


> The Kepler spacecraft 
has been*hunting for 


planets since 2009. Its 
mission is expected 
to last until 2016. 


Many of the exoplanets found so far 
were named after the spacecraft that 
discovered them, called Kepler. The 
number in the planet’s name identifies 
the star and the letter identifies the 
planet. For example, Kepler-22b is the 
second planet orbiting a star called 
Kepler-22. The Kepler spacecraft monitors 
more than 100,000 stars simultaneously, 
detecting tiny changes in brightness due 
to planets that are orbiting them. 


(OO MOI FOR QFE 


The first Earth-sized exoplanet orbiting a Sunlike star was 
discovered in 2011. The planet, called Kepler-20e, is a little 
smaller than Earth. It orbits too close to its star to have liquid 
water on its surface. Another planet in the same system, 
Kepler-20f, orbits a bit further away from the star, but its 
surface temperature is still too high for liquid water to exist. 
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System 


he Solar System is the Sun and Mp | ae 
everything that surrounds it, from Roman god of war. 
planets to asteroids. Measuring about 
4 light-years across, the vast system 
of planets, moons, and other bodies 


is held together by gravity. 


Uranus—the first planet to be 


discovered in modern times Sun—the 
THE ROUND TAL? by ushie eae superhot star at 
the center of the 
The planets travel in elliptical __ Solar System. 


orbits in the same direction as 
the Sun rotates. They also 
rotate in the same direction 
as the Sun, with the exception 
of Venus and Uranus. Venus 
rotates in the opposite direct ‘ 
to the other planets. Uranus lies 
on its side. Their differing rotation — 
was probably caused by massiv: 
collisions with other bodies wt 
the planets were forming. 


ONOMICAL UNITS 


Earth orbits nee a distance of nearly 93 millio 
(150 million km known as 1 Astronomical Unit. 
The outermost planet, Neptune, orbits at a as of 
30 Astronomical Units from the Sun. The imme 


of the Sun’s gravity rea 
2 light-years, or 


Mercury—the innermost — 
; SOLAR SYSTEM 


planet of the Solar System, 
which is also the smallest. i y 
; , DISCOVERIES 


1610 Galileo Galilei discovered Jupiter's 
four biggest moons, Now known as the 
Galilean moons. He also found Saturn's 
rings, but didn't know what they were. 


1655 Giovanni Domenico Cassini 
discovered Jupiter's storm, the 

Great Red Spot. Christiaan Huygens 
discovered Titan, Saturn's largest moon. 


1781 The planet Uranus was discovered 
by William Herschel. 


1846 The planet Neptune was 
discovered by Urbain Le Verrier 
and Johann Gottfried Galle. 


1930 Pluto was discovered by 
Clyde Tombaugh and named the 
Solar System's ninth planet. 


4958 The Explorer | satellite discovered 
layers of charged particles, called the 
Van Allen radiation belt, around Earth. 


planet and the first 


Venus—the second of the four fas aaa 


planet from the Sun 
and the closest 
planet to Earth. 


4972 The Mariner 9 spacecraft 
discovered dry riverbeds, the Solar 
System's biggest volcano—Olympus 
Mons—and giant canyons on Mars. 


1992 The Kuiper Belt, a region of icy 
bodies beyond the furthest planet, 


is discovered. 


2005 The dwarf planet Eris was 
discovered. The Huygens mini-probe 
landed on Saturn's Moon, Titan, and 
sent back the first photographs of 
its surface. 
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Solar System 


P and the most distant 
om the Sun. 


i i 


second largest 
Solar System is well 
e rings that encircle it. 
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The ROCKIES 


he four planets closest to the Sun Hothouse world 
are made of rock and each has an Slightly smaller than Earth, Venus is hidden under a 


: ° thick atmosphere of carbon dioxide and sulfuric acid 
WENA They have the same internal clouds. This atmosphere traps heat from the Sun, 


structure as Earth—made of metals making Venus the Solar System’s hottest planet. Its 

and silicate rock—so they are known surface is covered with hundreds of volcanoes and 
- ‘ the surface pressure on Venus is 92 times that on 

as terrestrial (Earthli ke) planets. Earth. Venus is visible from Earth near the Sun just 


before sunrise and after sunset, so it is also known 
as the morning star or evening star. 


Scorched rock 


Mercury is the closest planet 


to the Sun, butitisnotthe ' ' 

_ hottest because it lacks a we g Ws oy 2 
thick atmosphere, which my : 

would trap the heat. The tes 7 v "4 ades oY 

smallest planet, it hasa ane : 
dusty surface and is acre e —” . ¢ _ 
aries One e Se of Sg tpt i z 


‘neatentest difference in 
night and day: temperatures, 
from -280°F to 800°F 


(78°C en427°0) amas 


Se on ~ is 


Home planet 


Earth is the biggest of the terrestrial planets. It is the only 
planet known to have liquid water on its surface. The water, 
warmth from the Sun, and oxygen-rich atmosphere provide ideal 
conditions for sustaining life. Earth’s surface is a thin crust of 
rock, on top of a layer of rock called the mantle. Below the 
mantle, in the middle of the planet, there is a core made of 
solid iron, with liquid iron around it. 


. Earth. 
Diameter; 7,916 mi (12, 742 km) * 


m ‘Distance from’ the Sun: 
has million. mi (150 millionkm) 


Panera erate 50°F (15°C) 
_ Moons: i eee 


The red planet 


Mars is half the size of Earth and 
surrounded by a thin carbon dioxide 
atmosphere. It once had oceans and 
rivers, but they have now disappeared. 
The water probably evaporated into the 
thin atmosphere. The only water on Mars 
today is in the form of ice in its polar 
caps and. eu the surface. The red color 
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e becomes visible when the Moon 


The Sun's atmospher 
tal solar eclipse. 


blots out the Sun during a to 


} INCREDIBLE ECLIPSES 

_and Earth orbits the Sun, 
Moon passes 
it is a solar 

\L of the Sun, 


As the Moon orbits Earth 
all three occasionally line up- Tf the 
between Earth and the Sun, the resu 
eclipse. The Moon blots out part or a 
leaving a ring of light. If Earth passes between the 
Sun and Moon, the result is a lunar eclipse. Light 
from the Sun leaks around Earth through its 
atmosphere, turning the Moon red. 


V Moon-bases will use A BY |- BYE MOON! 


lunar soil, crater Walls 


or deep caves to The Moon is slowly drifting away from Earth at a rate 
Protect themselves of 1.48 in (3.78 cm) a year. When the Moon formed, 


from solar radiation, it was only 14,000 mi (22,500 km) away and a day 
on Earth was only five hours long. As the Moon 
receded, it made Earth spin more slowly, resulting 
in the 24-hour day that we have now. The Moon 
is now 238,850 mi (384,400 km) from Earth. 


. 


~ LUNAR COLONES 
Moon-bases have been ne 


decades, but several = tuff of science fiction for 


ntries are now talk 
for the first time sj 


: “—e 
1ng about sending 
nce the last 


V A supermoon can look up to |5 percent 
bigger and 20 percent brighter than usual. 


AThe distance between Earth and the Moon is 
measured by firing a laser at reflectors left on 
the Moon by the Apollo astronauts. 


me * 

% TE +t, 
WAT ER ON THE MOON 
we Some scientists think there 
. It could exist as ice in the p 

ne 
ar the poles. In 2009, India’s Chandrayaan-1 prob 

-1 probe 


found more th 
‘ an 40 perm 
Moon’s north pole. In anently dark craters near the 


Crashed a rocket into t ' NASA’s LCROSS probe 
~ plume of material thro 


could be water on the Moon 
ermanent shadow of Craters 


wn up. It foun 


V The LCROSS space 


: ro : 
course with the Moone Re fovows its Centa 


as It searches for water. 


GIANT MOON 


A supermoon occurs when the Moon’s 
elliptical orbit causes it to come close to 
Earth. If it is closer to Earth at full Moon, 
the whole disk of the Moon looks bigger 
and brighter. It can happen during a new 
Moon too, but the Moon is then in shadow 
and invisible. 
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86°F (30°C). Ne 
ice caps, snowstorm 


winter and duststorms fe 
place during summer. 


could b 


THE SEARCH FOR LIFE 


Orbiting spacecraft, landers, and rovers 
have been searching for signs of life 

on Mars since the Mariner 9 mission 

in 1971. The red planet may have 
supported life in the past because 

Mars was once warmer and wetter. 
However, no evidence of past or 
present life has been found so far. 


Y The Curiosity rover has been 
exploring Mars since August 2012. 
One of its tasks is to find out if its 
landing site might have supported 
life in the past. 


. Re 
eyond Mars there are four giant planets known as 


the Jovian planets, after Jupiter. They are almost 
entirely made of gas, with rocky centers surrounded —_— 
by liquid. Astronauts will never set foot on them a 
because they don’t have a solid surface, but 

spacecraft have been sent to explore them in detail. 


Giant of giants 


Jupiter is the largest planet in the Solar 
System—2.5 times the mass of all the other 
planets added together. It is made mainly of 
hydrogen and helium—the same elements as 
stars—so if it were 70 times more massive, 

it would have become a star. Underneath its 
atmosphere, the gas is under so much pressure 
that it changes to liquid. Deeper still, it 
behaves like metal. At the center of the 
planet, there is a solid core made of rock. 


Jupiter 
Diameter: 86,881 mi (139,822 km) 


Distance from the Sun: 
484 million mi (779 million km) 


Time to spin once: 9.9 hours 

Time to orbit the Sun: 11.9 years 
Average temperature: -166°F (-110°C) 
Moons: 67 


.S 
JUPITER’S GREAT RED SPOT ~ = 
IS A HURRICANE-LIKE q 
STORM THAT'S 2.5 TIMES rs 


BIGGER THAN 


TH. ag ty 
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Furthest away 


The outermost planet in the Solar System, Neptune’s chemical makeup 
is similar to that of Uranus. Its blue color is caused by methane gas in 
its atmosphere. Enormous, dark, Earth-sized storms have appeared 
in its atmosphere from time to time, but disappear after a few 

years. The fastest winds in the Solar System have been detected _ 
on Neptune, with a top speed of 1,500 mph (2,400 km/h). 
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Neptune 
Diameter: 30,598 mi (49,243 km) 


Distance from the Sun: 
2,793 million mi (4,495 million km) 


Time to spin once: 16.1 hours 

Time to orbit the Sun: 163 years 
Average temperature: -328°F (-200°C) 
Moons: 14 


, 


System's second-la 
et, Saturn, is famous for 


three gas giants have rings too, but 
they're thin, dark, and dusty. Like 
Jupiter, Saturn is made mostly of 
hydrogen and helium. Superfast winds 
and heat rising from the planet’s 
interior cause hazy yellow bands 

in its atmosphere. 


Tilted spin 
In addition to hydrogen 
and helium, Uranus 
contains water, 
ammonia, and methane 
gas. Methane in its 
atmosphere gives the 
"planet its blue-green color. 
. As it orbits the Sun, tilted 
on its side, one pole receives 
continuous sunlight for 42 years, 
and then the other pole faces the Sun 
__ for the next 42 years. 


Uranus 
Diameter: 31,518 mi (50,724 km) 


Distance from the Sun: 
1,785 million mi (2,873 million km) 


Time to spin once: 17.2 hours 

Time to orbit the Sun: 83.7 years 
Average temperature: -320°F (-195°C) 
Moons: 27 
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G/, if 
e Fe ore than 160 moons orb 


+t the planets in th 
improves, more moons are discovered. The number 0 
doubled since 2003. Most of t 
the biggest, Jupiter's moon 


TITAN, DENSE WITH 
RIVERS OF METHANE 


One of Saturn’s moons, Titan, is the only 
moon with a dense atmosphere and the 
only body in the Solar System, apart 
from Earth, to have liquid on its surface. 
The Cassini spacecraft dropped the 
Huygens probe on Titan. It photographed 
the surface, but the rivers and lakes it 
found aren't filled with water—they’re 
full of liquid methane. 


TRITON, WITH BURSTS 


OF LIQUID NITROGEN 
Many moons that orbit the outer planets 
are asteroids that were captured by the 
planets. One sign of this is if the moon 
orbits in the opposite direction to other 
moons—Triton, Neptune's largest moon, 
does this. Triton is So cold that it has ice 
volcanoes shooting out a mixture of 
liquid nitrogen, methane, and dust. 


Ganymede, is bigge 


SHEPHERD MOONS; 


DUSTY 


Some of Saturn's rings 
edges because moons are orbiting nearby 
or inside gaps between the rings. They 
are called shepherd moons because their 
gravity keeps the ring particles together 
ds a flock of sheep. 
Any particles that stray out of the ring 
cted back into the ring or 
on by its gravity. 


like a shepherd her 


are either defle 
attracted onto the mo 


AND CRATERED 
have defined 


MirANDA, 
CRACKS AND 


Uranus’ small moon, 
with a strange patch 
canyons, grooves, and cracks. It may be 
was smashed apart 
nd then the 


that this tiny world 
by a collision long ago a 
together again in orbit. 


parts came 


Scientists think its surface js made 


mostly of ice. 


e Solar System. As technology 
£ known moons has nearly 
biting the gas giants, but 

r than Mercury. 


hem are tiny worlds or 


ICY WITH 
CANYONS 


Miranda, 1s covered 
work pattern of 


EUROPA, WATERY WITH 
A THICK, ICY SURFACE 


One of Jupiter's moons, Europa, is 
covered with ice that might be floating 
on a water ocean UP to 60 mi (100 km) 
deep. It is thought that this ocean could 
harbor life. To protect it from bacterial 
contamination, the Galileo space probe 
that explored Jupiter and its moons 

was deliberately sent into Jupiter's 
atmosphere to burn Up- 


Jupiter's moon Ganymede is the biggest 
moon in the Solar System, larger than 
Mercury. It is thought to be covered with 
a deep layer of ice uP to 500 mi (800 km) 
thick. Discovered in 1610, Ganymede 

and three other large moons of Jupiter 
were the first moons ever seen orbiting 
another planet. 
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tl canoes are 
jolar System—Earth 


Aurorae are 
named after the 
Roman goddess 
of the dawn. 


Polar lights 


The poles of Jupiter and Saturn are 
sometimes lit up by shimmering rings of 
light called aurorae, fuelled by particles 
flying off their moons. In images taken by 
the Hubble Space Telescope, the aurorae 
appear blue because of the ultraviolet 
camera, but they are actually red and cea ancan hind and 
purple. The color comes from excited glow up to 600 mi (1,000 km) 
hydrogen molecules. above its clouds. 
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Near-Earth 
Objects 


Countless comets and asteroids fly through 
the Solar System. Occasionally, their orbits 
are affected by the gravitational pull of other 
planets and moons, bringing them close 

to Earth. Some near-Earth Objects pose a 
danger to Earth, so thousands of orbits are 
closely monitored. Small, stony asteroids 

hit Earth every year, but major impacts only 
occur every few thousand years. 


4 On February 13, 2013, 4 near-Earth asteroid 
dived into our atmosphere and exploded over 
Chelyabink in Russia. 


A sungrazing comet 
called Ikeya-Seki came within 


ae 280,000 mi (450,000 km) of the 
emperatures in the Solar System ‘ f 

range from 27 million? (15 million?) Sun in 1965 and survived! 

at the center of the Sun to just a few 

degrees above absolute zero (459 5 

or -273°C) in the Oort Cloud on the 

outermost fringes of the Solar System. 
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A A long-tailed sungrazing comet 
(left) sweeps past the Sun, seen by 
the SOHO space probe. 


Icy storm 


In December 2011, a comet storm began in space. In ten days, 

25 comets, known as sungrazers, were seen diving into the Sun. 

Recorded by the Solar and Heliospheric Observatory (SOHO) 

space probe, a comet storm like this had never been seen before. 

Since its launch in 1995, SOHO has discovered more than ‘ 
2,400 comets while monitoring the Sun. 


‘super 
STRUCTURES 


Our daily lives rely on immense feats 
of engineering. Discover the technology 
that spans vast valleys, launches jumbo 
jets, and powers global cities. 


Vertical City 114 
Cool Hotels 116 | 
Super Stadiums 118 es 
Epic Entertainment 120 fe 
Millions of Pieces 122 | e 
Built on Stilts 124 | 
Space Dive 126 | “i 
Mammoth Moves 128 S 
Big Bridges 130 = 
Jumbo Hubs 132 iy 
Space Gateways 134 
Colossal Cruiser 136 
Sea of Waste 138 
Mega Mining 140 
Panama Project 142 
y Wall of Water 144 
4 Energy Engineering 146 
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<The iconic Golden Gate Bridge spans 4,200 ft (1,280 m) across 
the Golden Gate strait in San Francisco, U.S. It took four years to 
build and was opened in May 1937. 


1,016 ft (310 m) 

Eittel Tower, Paris 
1,063 ft (324 m) 
Empire State Building, 
New York 


The Shard, London 
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2,717 ft (628 m) 


oe 


1,250 ft (381 m) 
Petronas Towers, 
Kuala Lumpur 
1,483 ft (452 m) 
Taipei 101, Taiwan 
1,670 ft (509 m) 
Bur] Khalifa, 
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CWO months to 


rchitects strive to attract, surprise, and impress 

hotel guests by designing breathtaking hotels. 

The buildings might be spectacularly high, an 
unexpected shape, or built from Something unusual. 
Some hotels light up and change color, while others 
are built underwater for more adventurous guests who 


seek an unusual view! 


THE COOLEST 
OF THEM ALL 


The Icehotel at Jukkasjarvi 

in northern Sweden was the 
world’s first ice hotel and it’s still 
the biggest. The hotel is built 
afresh every winter using a 
mixture of snow and ice, called 
“snice.” To make the ice walls, 
snice is sprayed into Special metal 
molds. The rest of the hotel is 
carved out of 1.8-ton (1.6-tonne) 
blocks of ice harvested from the 
nearby Torne River. 


A winn Ing 
formula 


The Yas Viceroy hotel in Aby Dhabi is the 
first hotel ever to be built over the top of a 
Formula 1 racetrack—the Yas Marina Circuit. 
Two hotel towers, one inside the track and 
another on the marina outside it, are linked 
by a bridge over the Circuit. The undulating 
canopy over the hotel is covered by 5,000 
glass panes that can be lit up in color, 


build the Icehotel 


every Uear. Even 
the furniture is 
Made of ice| 


years to build, the shape of the 
hotel was inspired by the speed 
of a Formula | racing car. 


This dramatic-looking hotel was 
designed by Canadian-American 
architect, Frank Gehry. 


Record holder 


The world’s tallest hotel is the JW Marriott 
Marquis in Dubai. Its twin towers are 

1,166 ft (355 m) high to the tops of their 
Spires. Their shape was inspired by the date 
palm tree. Each 72-story tower has 804 rooms 
and guests are whisked up and down by 

14 elevators. The two towers sit on a massive 


13-ft- (4-m-) thick concrete raft that locks 
them together. 


The JW Marriott Marquis hotel in 
Dubai is just 85 ft (26 m) shorter 

than the Empire State Building in | 
New York, U.S. 
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from a Boeing 727 airliner! 


Flowing 
ribbons 


Hotel Marques de Riscal in 
Elciego, Spain, Opened in 
July 2006, three years after 
Construction began. The hotel is 
swathed in flowing, folded titanium 
“ribbons.” They not only look 
dramatic, they also help to shade 
the hotel from the intense Spanish 
sunshine. The hotel’s interior 
features tilted walls, zigzag windows, 
and cathedral-height ceilings. 


ar cra ae? 


It nN Co th e fu C ure Guests can 


experience an 
uninterrupted view 
of the sealife 

through transparent 
acrylic walls. 


The Poseidon Underwater Hotel will be 
built in Fiji in the coming years. Each of 
the hotel’s 24 suites will be built as a 
detachable module. Each module will be 
lowered to the seabed, anchored 40 ft 
(12 m) below the waves, and docked with 
the hotel’s main corndor. 
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The Costa Verde Hotel in 
Costa Rica has a suite built 
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tadiums 


ports stadiums are no longer just 
ordinary buildings. Like famous 


skyscrapers and airport terminals, 
stadiums are now giant pieces of art. 
Architects design amazing venues by 


using materials, shapes, color, and 
lighting in in tive ways—creatin 


opportunity to pu 


gan 


nova 
ta host city on the map. 
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The Sapporo Dome in Japan couldn't use 4 retractable ro 
because it wouldn't support the w ft (6m) of — 
' snow that can fallin a year. However, of 
doesn’t let in enough light for a grass playin 
grow. 10 solve this, the field was built on a platform t at 
slides outside to get the maximum light on the grass, : 
while the dome’s solid shape sheds the snow safely. 


STADIUM STATS 
LOCAT 
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SAPPORO, JAPAN 
mn 
CAPACITY 53,738 
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Se oavede come 2290 ga s 


LONDON OLYMPIC 
STADIUM 


When London, U.K., was awarded the 2012 Olympic 
Games, work began on a new stadium. It was built on an 
island in East London, accessed by six footbridges. The 
venue had a capacity of 30,000 for the Games, but it was 
designed to have the top 25,000 seats removed after this 
world event to create a smaller stadium for the local 
community to use. 
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EPIC ENTERTAT 


eisu i 
| eas me pane!" complexes have to compete with oth 
rm a ae or the highest visitor numbers. Developers spend 
ee : te ee to attract tourists by housing cinemas 
, ice rinks, and other recreatio i | 
mes nal spaces 
buildings with equally dazzling surroundings ‘ wae 


ow 


of snow |S made eac 


(27 tonnes} b 
hrough snow guns in the ceiling. 


chilled water t 


Giant public aquariums are popular attractions. 
The biggest hold more than 6 million gal 

(24 million |) of seawater. Some public 
aquariums have transparent tunnels that 
visitors can walk through while sharks swim 
over their heads. Thick acrylic walls hold back 


the force of thousands of tons of water. 


TITANIC 


Khan Shatyr in Astana, Kazakhstan, is the world’s biggest 
tent—and it’s a whopper! It has enough space inside for 
10,000 people. The tent houses an indoor park with a jogging 
track, amusement park, and tropical beach. The 500-ft- (150-m-) 
high tent is made from a self-cleaning plastic called ETFE, 
which is suspended on cables from a central spire. 


The Egg in Alba 
Of public Sculptur 
the performing arts 
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Building the biggest 
The world’s largest airliner, the 
Airbus A380, is assembled in one 
of the world’s biggest buildings— 
the Jean-Luc Lagardere assembly 
plant, neat Toulo 
The main assemb 
six assembly, tes 
buildings—measl 
by 820 ft (250 m) 


406 ft (32 ™) high t 
tail fins of these enormous pl 


ting, an 
res 377 ft (115 m) 
The ceiling is 

o clear the giant 
anes. 


4 The A380 airliner’s assembly hall 
is the biggest industrial building in 
Europe—as big as 560 soccer fields. 


ai’s Ulsan factory 
every |3 seconds. 
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Car colossus 


Ulsan, South Korea, is the 
Tts 34,000 workers 
ethan 1.5 million 
ds millions of car parts from 
7.6 million tires. The 

t has a hospital, 

o three 50,000-ton 
hips can dock. 


_ Hyundai's factory in 
world’s largest cat factory. 
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Coining it 
The Philadelphia 
is one of the world’s biggest coin 
producers. It covers an area as big 
as four soccer fields. The first 
Philadelphia Mint in the 4790s used 
harnessed horses to drive its coin 
production machinery- Automated 
machinery behind the reinforced 
concrete walls of today’s Philadelphia 
Mint can produce 1.8 million coins an 
our. The original mint took six years 


to produce the same number. 


Mint in the U.S. 


“The four U.S 

Bos produce : 
rore than 13 billion” 

coins each year, 


h livi 
problem—they were buried by snow and had to be dug out cite 
a gym. 


] + \esohe research stations of the past faced an ongoing These modules 


every year. A new research station was needed with a clever 
design to overcome this problem. In 2008, the new Amundsen 
Scott South Pole Station was complete. 


Modular design 


The station has a | modular cs | 


2-mi- (3.2- Saw thick ies shee 
toward the sea at the rate fe of oot 
(10 m) a year. c 


This tower gives staff access... : 
to the garage, powerplant, — 
and storage areas. 


Clever shape ~ 


The building’s shape actually slows 

down the buildup of snow around 

and underneath it. About 8 in ; 
(20 cm) of snow falls every year 


and it doesn’t ever thaw. The - 
building’s sloping underside - 
speeds up the wind as it blows 

underneath, known as the : 


venturi effect. This sweeps away : 
any snow that collects there. 
The building’s rounded edges 


ae Oy eee tee sa ene nar TR s | also resist snowdrifts. 


ee 


THE RESEARCH STATION 
CAN HOUSE UP.TO 
150 SCIENTISTS. 


The station was built on stilts to hold it above the 
surrounding snow. It stands on 36 columns, each 12 ft 
(3.5 m) high. The columns rest on a grid of beams that 
spread the building’s weight. If the snow and ice 
under the building settle unevenly, the columns can 
be adjusted to keep the building level. 


Jacking up 


The building’s shape cannot stop snow 
buildup and drifting altogether. It will eventually 
begin to lose the battle against the snow. 
When it does, the columns that the station 
stands on will be jacked up higher. When it 
reaches the top of the columns, more columns 
will be added on top, allowing the building to 
be jacked up higher and higher. 


"+ This row of rooms contains emergency \ 
power and communications equipment, ‘i 
science labs, recreation rooms, and a shop. f SY 


BURIED TREASURES 


There have been two previous South Pole stations. The first, 

built in 1956, was abandoned in 1975 and disappeared under 
the snow. It had to be demolished when a worker fell through 
its roof. The second was a dome built in 1975, but it quickly 

became buried. Bulldozer crews had to dig it out every year : 3 | & Ba ea 
before it could be used. It was dismantled in 2009. F it ; 2 : t \ ie Rone aCe 
1 the various parts 


i gai ae 


SIUNLINULS U9ONS 7 


Snowdrifts partly cover the entrance to the old, a oe worth 
= dome-shaped South Pole research station. é Se ee a peste EW 
- ‘ 1 research station 


a a until they are level 
= with each other. 
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VAONN BREAKING NEWS 


New Mexico, U.S. 


Felix Baumgartner is about to make the 
highest ever skydive from 24 mi (39 km) 
above the ground. He will jump at 12:08 local 
time. During his balloon flight up to this 
incredible altitude, he will owe his life to a 
specially designed capsule that protects him 
from the unbreathably thin air and subzero 
temperatures outside. 


Red i> 
STRaRy 


The capsule stands 11 ft (3.3 m) high, measures 8 ft 
(2.4 m) across its base, and weighs 2,900 Ib (1,315 kg) 
fully loaded. Its cagelike frame is made of chromium- 
molybdenum steel, a super-strong alloy used in 
aerospace and motor-racing. The cage is surrounded 
by insulation and an outer shell made of fiberglass. 
The insulation is vital to protect Baumgartner from 
outside temperatures as low as -70°F (-57°C). 


OE aa ee ae 


Baumgartner hit a speed of 843.6 mph (1,357.6 km/h) during the skydive. 


More than 8 million 
people watched 
Felix Baumgartner's 
record-breaking 
skydive. 


When packed with equipment, the capsule has 
just enough room inside for Baumgartner 
wearing his pressure suit. 


INTERIOR DESIGN 


Inside the pressure sphere, there is a 
seat for Baumgartner to sit on during 
the two-hour ascent. An oxygen supply 
is connected to his suit. The rest of the 
capsule is packed with communications 
equipment, cameras, and instruments 

BIG BALLOON that measure the temperature and 

Fhe alloon looked nimase pressure as the capsule climbs through 


empty at launch, but it the atmosphere. 


expanded as it climbed 
until it was almost spherical. 


Baumgartner was launched into 
the atmosphere under a giant 
balloon as tall as a 55-story 
= building, but made of plastic 
less than one thousandth of an 
inch thick (about a fiftieth of 
a millimeter). Lighter-than-air 
helium gas gave it enough lift to 
carry the capsule to the edge of 
space. The launch crew had to 
wear special clothes that wouldn't 
snag or tear the fragile balloon. 


{| MAMMOTH MOVES | 


f a building or structure is in the wrong place, it’s possible to move 

it elsewhere, saving it from demolition or collapse. Often, the whole 
building is jacked up and placed on a platform for the relocation. It’s vital 
to keep the building level or it could topple over or start cracking. 


— - 
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A It took a month to move the 1,650-ton (1,500-tonne) 
Priest’s House to its new location. 


In 2008, a historic Priest’s House next to Fanchuanpu 
Cathedral in Fuzhou City, China, was moved to make 
way for a new road. The two-story building had stood 
at its original location since it was built in 1933. To 
relocate it, 400 wheels were fitted underneath. Then 
it was turned 90 degrees and “walked” along tracks 
to its new position 260 ft (80 m) away. 


VA specially built Airbus barge transports 
one of the A380 airliner’s giant wings. 


_.¥ Ten tugs generating 130,000 horsepower towed 
the massive Troll A gas platform into position. 


to the nearest airport 
on, hundreds of 


iS streetlights, signs, traffic signals, and power cables were 


removed or repositioned. Then the 78-ton (70-tonne) 
spacecraft was loaded onto computer-controlled 
transporters for the last part of its final journey. 


Y The Space Shuttle Endeavour moves between buildings on 


_its way to the California Science Center, Los Angeles, U.S. 
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AIRBUS’ FLOATING 
TRANSFER STATION 
CAN SUPPORT 
1,100 TONS 
(1,000 TONNES). 
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| jp ebsae airports are the biggest and busiest in the world. One of 


these enormous transport hubs can be as large as a town. Its runways 
and terminal buildings are designed to handle thousands of aircraft and 
millions of passengers that pass through them every year. 
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V Hartsfield-Jackson Atlanta 
= International Airport has five parallel 


World's busiest 


| Hartsfield-Jackson Atlanta International SW 2 Spee; SSSsss&i 
| Airport in the U.S. is the world’s busiest | 
| airport. In 2012 it handled more than iz 
| 95 million passengers and almost one million | 
| flights. On an average day, 2,500 planes take | == 
| off and land, carrying 250,000 passengers. i 
i 
| 


iv Madrid-Barajas Airport’s Terminal 4 
won the Sterling Prize for outstanding 
architectural design. 


Aircraft movements are managed from 
North America’s tallest control tower, 
at 400 ft (122 m) high. 


Terminal designs 


No longer simple concrete and glass blocks, 
airport terminals are often dramatic buildings 
designed by world-famous architects. When la : e. 
Spain’s busiest airport Madrid-Barajas needed o - Rg ti 
a fourth terminal, it held an international ) 
competition to find the best design. The winner 
was renowned architect Richard Rogers. His 
clever use of space and natural light reduces 
passengers’ stress, while minimizing the 
building’s energy needs. 
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¥ A line of launchpads 
stretch across the Cape 
Canaveral Air Force Station. 


Vv A rocket carrying a 
satellite stands on the Soyuz 
launchpad at the Guiana 
Space Center. 


Vv A Space Shuttle sits on the launchpad at the Kennedy 
Space Center. All 135 Space Shuttle missions began here. 


BLAST OFF 


The European Space Agency and French Space Agency 
launch their space vehicles from the Guiana Space Center 
in French Guiana, South America, which is close to the 
Equator. The center has launchpads for Ariane 5, Vega, and 
Russian Soyuz rockets. Cargo spacecraft taking supplies to 
the International Space Station also blast off here. 


¥ A Soyuz rocket is prepared for BUSY HUB 


launch at the Baikonur Cosmodrome. The Baikonur Cosmodrome in 

. Kazakhstan was the world’s 
first spaceport for orbital and 
manned launches and it’s still 
the busiest spaceport today. 
It has nine launch complexes 
with 11 assembly and test 
buildings, two aerodromes, and 
15 launchpads. It can launch 
Soyuz, Proton, Tsyklon, Dnepr, 
and Zenit rockets. There are 
more than 20 launches every 
year, including those of crews 
going to the International 
Space Station. 
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Y The Gateway to Space building 
at Spaceport America is home 

to Virgin Galactic’s fleet of 
motherships and spaceplanes: 
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TOURISTS IN SPACE 8 | Russia is building a new 
Spaceport America-opened in New Mexico in 2011. It’s the Spaceport, the Vostochny 
world’s first spaceport that was purpose-built for commercial Cosmodrome. to begin 


spaceflights. Virgin Galactic spaceplanes will take off from : 
here, carrying passengers on short, suborbital spaceflights. launches in 2016. 
Several other private spaceflight companies, including SpaceX 5 ete 

and UP Aerospace, are based there, too. It has a runway for 

horizontal takeoffs and launchpads for vertical launches. 


Luxury travel 


COLOSSAL ce 2" 
CRUISee A init 


llure of the Seas is the 

biggest passenger ship ever 

constructed, and one of the 
most expensive—it cost more 
than a billion dollars to build. 
It’s a new type of cruise ship 
called the Oasis class— 
more like a floating 
vacation resort than 
a mere ship. 


Propulsion is provided by three propellers in modules 
called azipods under the stern. The azipods rotate so 
the ship doesn’t need rudders. 


| ligh-class 
interior 


The ship has theaters, 
nightclubs, swimming 


Hull 


book an ice-skating ns com 5, ie 
rink, rock-climbing nee ee , Lifeboats a ; 
walls, a zip wire, wave made of steel plate, 18 lifeboats each cari 
machines alain weighing 54,000 tons a ieee ry 


mall, and even a park. (49,000 tonnes) 


Vital statistics 
This supership is 1,187 ft (362 m) long— 
longer than five Jumbo jets parked nose 

to tail. It stands 250 ft (75 m) high from 
the bottom of its keel to the top of its 
smokestacks. The giant ship weighs about 
110,000 tons (99,800 tonnes). It can carry 
more than 6,000 passengers on 16 decks 
and a crew of 2,384 sail the ship and look 
after the passengers. 


Res 


ae 


YW Allure of the Seas squeezes 
under the Great Belt Bridge 


on its maiden voyage. i | | / f | 
geri — A close call 


When Allure of the Seas left its Finnish 

shipyard on October 30, 2010, it had to pass 
underneath the Great Belt Bridge. The bridge is 
213 ft (65 m) above the water, the same height 
as the ship. To avoid a spectacular collision, 
the ship’s retractable smokestacks were 
lowered to cut its height. It moved safely 
underneath the bridge and headed out into 


the open ocean. 


Amber Theater 


The largest theater can 


A sloping area : One of four pool i Scans the sea for 
: ships and land : seat |,380 people. 


with shallow i areas 
water : 


An entertainment area 
for young passengers 
Helipad 


A landing pad for 
helicopters 


Entertainment 
clubs 


gm SAUNLONULS Uating 


One of several small 
onboard clubs 


ers 


Four thrusters, 7,500 horsepower Bull » bow 
each, help the ship to maneuver Wate asd : 
in tight spaces. Cuts drag in the water 


158,500 gal (600,000 !) 
of paint Were needed to 


paint Allure of the Seas. 
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Ce has the world’s biggest deposits of oil y, 
sand, which contains a type of petroleum called 

bitumen. The Athabasca oil sands in northeastern 

Alberta is the largest-known 
reservoir of this crude 
oil. A large-scale 
industrial project 
is underway to 
extract bitumen 
from this source. 


Canada’s oil sands 


The oil sands in Alberta, Canada, cover 

an area of 54,000 sq mi (140,000 sq km), 
forming one of the world’s biggest oil 
reserves. It contains nearly two trillion 
barrels of oil, but only 170 billion barrels of 
it can be recovered using current technology. 
Only Saudi Arabia and Venezuela sit on more 
oil than Canada. 


Steam treatment 


Bitumen is much thicker than crude oil, so it doesn’t flow up 

to the surface as easily. To extract it, steam is pumped into the 
ground to melt the bitumen. The liquid bitumen runs into holes 
drilled lower down before being pumped to the surface. 


> This steam plant near 
Conklin in Alberta, 
Canada, brings 35,000 
barrels of bitumen up to 
the surface every day. 


¥Y Oil sand is a gritty 
mixture of bitumen, 
water, clay, and sand. 


<@ Giant bucket wheel excavators 
dig out oil sand using a rotating 
wheel with enormous scoops. 


At the surface 


Using surface or strip 
mining, earth is 
stripped away 
to reach the oil 
sand up toa 
depth of 250 ft 
(75 m). The black sand is 
then taken away to be processed 
into synthetic oil. It takes 2 tons 
(1.8 tonnes) of oil sand to produce 
one barrel (42 gal, 159 lL) of oil. 


Monster machinery 


Trucks are vital to oil sand mining 
operations. Mammoth road trucks haul the 
huge pieces of machinery and equipment 
needed to build and work at the mines and 
processing plants. When the material has 
been excavated, giant mining trucks carry 
‘huge quantities of earth and oil sand from 
the mines to the processing plants. 


New appr oach 
channe 


Si" have passed through the 


Panama Canal, between the Atlantic 
and Pacific oceans, since 1914. The 
world’s biggest construction project, 
the canal is being improved for the 


21st century. Bigger locks, new 
waterways, and deeper channels are 


being created to let bigger ships 
pass through. 
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A MONSTER DIG 
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project is estimat 
ed 
(€3.4 billion); —— 
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The canal has three 5 


ets of locks. They raise ships 
al to the same level as Gatun 


ble Mi 
Seven Vee 


J and 180 ft (55 m) wide, 


5 eS 
Varcetona 


Ships are guided through the locks 
‘4 by electric trains called mules. The 
biggest ships have up to eight mules 
attached to them. The drivers work 
together, expertly keeping the ships 
in the middle of the waterway. 
Vessels will be led through the 
new locks by tugboats instead of 
locomotives. A fleet of about 40 tugs 
already guide ships in and out of the 
| Canal’s oceanic entrances. 
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| PD COLOSSAL CARGO 


The biggest cargo ships that can 
pass through the canal are called 
Panamax vessels. They mainly 
transport coal, crude oil, and 
® petroleum. A Panamax can be up 
= to 965 ft (294 m) long. The new 
improved canal will be able to carry 
larger ships up to 1,200 ft (366 m) 
long with up to 13,000 containers. 


WALL of Water 


he average American family of four uses 400 gal 

(1,500 L) of water every day. In many places, natural 
rivers and lakes don’t supply enough water to meet all local 
needs. The answer is to build dams across rivers to save 
more water in huge man-made lakes called reservoirs. 


a. ae 


The Hoover 

Dam is an arch-gravity 

dam. Its strength comes 
from its curved shape 
and immense weight. 


| 


Diverting the river 


The Hoover Dam supplies electricity to Nevada, Arizona, and California. 
To build it, the Colorado River was diverted through huge tunnels to 
leave a dry worksite. The newly poured concrete for the dam was cooled 
with chilled water to stop it from overheating and cracking as it set. 
Finally, the diversion tunnels were blocked and the river grew into an 
enormous reservoir behind the dam. 
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¥ The Hoover Dam bypass bridge 
has a concrete arch and columns, 
with a steel deck on top. 
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“BOULDER 
i po a to st pe oe ie CITY” WAS BUILT 
along the top. came so busy that a byp 
_ was needed. The first concrete-and-steel arch F OR THE THOUSANDS 


~ bridge to be built in the U.S. was constructed 
to carry the new road. The bridge has the 

longest concrete arch in the Western 

Hemisphere, at 1,060 ft (323 m) in length. 


OF WORKERS WHO 
CONSTRUCTED THE 
HOOVER DAM. 


> The Grand Coulee 

Dam’s immense weight of 

24 million tons (22 million 

tonnes) holds back the Columbia River. 


Hydro giant 


The Grand Coulee Dam is the largest hydroelectric power 
facility in the U.S., and one of the biggest concrete 
structures in the world. It supplies water to four power 
plants, producing 6,809 megawatts of electricity, and 
irrigates more than 940 sq mi (2,430 sq km) of farmland. 
The vast concrete wall stands 550 ft (168 m) high across 
the Columbia River in Washington. 


A vast reservoir called A 
Lake Nasser was created by 
the Aswan High Dam 


in Egypt. 


e 


The Itaipu Dam, on the border between 


Brazit and Paraguay, is one of the world’s 
biggest hydroelectric power plants. The 
' massive structure is 5 mi (8 km) long and 
643 ft (196 m) high. It generates A It took three years to dig 
14,000 megawatts—90 percent of the diversion canal before the 


Paraguay’s electricity and 20 percent of (, Itaipu 'Banr could be ‘butl. 


Brazil's. Before it could be built, the course 
of the Parana River had to be moved. 
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ENERGY 
Engineering 


ur growing demand for electricity is 

met by a worldwide energy network. 
Renewable energy generated from wind, 
solar, tides, and other natural sources 
plays an increasingly important part—but 
the engineering challenge is enormous. 


USING THE SUN 


Solar power plants convert sunlight into electricity using different 
methods. Some use solar panels to change sunlight directly into 
electricity. Solar thermal collectors use curved mirrors to 
concentrate sunlight on a fluid-filled tube. As the fluid heats up, 
the thermal energy is converted into electricity. Solar thermal 
boilers use mirrors to concentrate sunlight on boilers, 
which creates steam to drive generators. 


A The lvanpah Solar Generating System in California, U.S., 
makes enough electricity to power 140,000 homes. 


, north of San Francisco ' 


DEEP HEAT 


The Geysers in California, U.S., is the world’s biggest 
geothermal complex. It supplies more than one million 
homes with electricity. Deep underground, rock is hotter 
than at the surface. Geothermal power plants use this 
heat to make steam that drives electricity generators. 


WATER SOURCE 


Tidal power is more predictable and reliable than wind 
power. The tides rise and fall twice a day, driven by the 
Moon’s gravity. This huge movement carries a lot of 
energy, which spins turbines placed in the water. 
Generators convert this spinning motion into electricity. 
The Sihwa Lake Tidal Power Station in South Korea is 
the largest in the world, producing 254 megawatts per 
year—enough to power 160,000 homes. 


Y Tidal turbines extract kinetic 
energy from water movements 
caused by tides. 


<q This huge “fatberg” weighing |7 tons (15 tonnes) 
was discovered just before it blocked a sewer under 
London, U.K. 


USING FAT 


Fat from cooking is a serious problem in cities, where 

it clogs the sewers. Workers have the unpleasant job 

of clearing large buildups and moving the waste to 

landfill sites. A power plant in London, U.K., plans 

to take a green approach to this growing 
problem. It will burn waste grease and fat 

from restaurants and sewers to generate 
electricity. The plant will generate 
130 gigawatts-hours of electricity per 
year—enough to power 39,000 houses. 
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Mega 
CITIES 


The urban population is rising fast— 
take a trip through the crowded streets 
of some awesome conurbations to find 
out how megacities are keeping pace. 


Planet People 150 
Urban Tide 152 
Mega Build 154 
Supersized Cities 156 
Law and Order 158 
Risk Factor 160 
Street Wise 162 
Deep Down 164 
Working for the City 166 
Traffic News 168 
Mega Markets 170 
Millions of Meals 172 = 
After Dark 174 = 
Holy Cities 176 2 
Street Celebrations 178 mi 
Urban Games 180 
Into the Future 182 


<4 Mount Fuji looms over the megacity of Tokyo and its 34.8 million 
inhabitants. Tokyo is the capital of Japan and is home to the government 
headquarters and the Imperial Palace—the emperor's main residence. 


PLANET People 


ore than half of the world’s population live in 
Mtvban areas. We live and work in vast, sprawling THE WORLD 
cities, with crowded streets and traffic jams. We fill 
huge sports stadiums, and flow in and out of enormous 
airports as we fly around the world. Few places on land THE WORLD 
remain unsettled or unexplored. AVERAGE AGE Is 


| Lure of urban life 


People have been living in towns for about 
12,000 years and in big cities for about — 
6,000 years. In May 2007, for the first time in 
history, more than half of the world’s population 
were city dwellers. By 2050, 7 out of 10 people 
will live in a city. The rush from the countryside 
into the cities is called urbanization. People hope 
the cities will offer them work, health care, 
services, and security. 


A This capsule hotel, in Haikou, south China, ¥ The maternity ward of this hospital in Manila, i 
has 26 capsules stacked into two rows. the Philippines, deals with 60 births a day. 
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Peas in a pod 


Floor space is expensive in crowded 
city centers, and a room for the 
night in a luxury hotel is more than 
most people can afford. In Japan 
and China, a way of getting around 
this problem is the “capsule hotel.” 
Each room is a box, just big enough 
to lie down in. Some hotels have up 
to 700 capsules. 
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Seven billion and counting 


About 2,000 years ago, the world population was 
300 million. By the 1800s, it had increased to 
one billion. By 1927 it had grown to two billion, 
and by 1974 it had doubled again. This massive 
acceleration was caused by advances in medicine 
and health care, and better supplies of food. 
Today’s global population is already soaring above 
seven billion and the United Nations organization 
forecasts a growth to nine billion by 2050. 


__ ® Taipei, northern Taiwan, is well known for extreme 

traffic jams during rush hour.With 14 million vehicles 
on Taiwan’s roads every day, the state suffers from 
major pollution issues. 


Tower homes 


When a city has little room to move outward, it 
goes upward. High-rise apartments allow large 
numbers of people to live in a small area. Macau, 
a Special Administrative Region of China, is the 
most densely populated spot on Earth, with 
53,536 people per sq mi (20,673 per sq km). 

It also houses more than 28,000 hotel rooms to 
accommodate tourists—there were 29.3 million 
visitors in 2013. 


> Macau has more than 500 high-rise apartments, 
each with up to 40 stories. 


Great metropolis 


As cities grow, they swallow up nearby villages 
and towns, and often merge with other cities— 
creating a conurbation. Greater Tokyo has 
engulfed 23 smaller urban areas. The combined 
city now covers about 5,200 sq mi (13,500 sq km) 
of Japan, and is home to 36 million people—that’s 
more people than live in Canada. 


4 More than one million commuters use the 
Tokyo subway system every day.“‘Pushers” help 
to organize the passengers and fill trains to 
their maximum capacity. 
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A Migrant workers pour out of Chinese 
cities to spend the vacation period with 
__ their families in yillages- ; 


'\s.On the move 
During China’s annua 
lebration of C 


| Spring Festival 


\ 
hinese New 


—a.week-long ce 

ia Year—trains, buses, and roads are packed 
e 9 b with travelers. Millions of migrant workers 
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- Population boom 


Many cities take thousands of years to 


| grow and spread, but some spring up 
~ quickly. In 1978, Shenzhen in China was 
little more than a fishing village with a 


- population of only 314,000. Then the 


Chinese government decided to develop 


it as a center for foreign investment and 


» business, and by 1988, the population 


had reached 1.2 million. Today this figure 
» has rocketed to 15 million—nearly twice 
as many people as Greater London, U.K. 
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MEGA BUIIG 


bove almost every city skyline are huge 
| tower cranes, hauling up girders and 
| building materials by the ton. Cities are in 
a state of constant change as new houses, 
factories, offices, and airports need to be 
. constructed. Urban centers are at the forefront ** 
of new technology and construction skills. 


A The Burj Khalifa was constructed using 4,400 tons 
(4,000 tonnes) of steel. 


Vertical city 


Humans have always built high. Ancient Egyptian 
pyramids could be seen from miles around, and 
medieval cathedrals were built to soar toward the 
heavens. High-rise buildings are often constructed 
to show the power and wealth of a city. The 
world’s tallest building is the Burj Khalifa, 

which towers over Dubai at 2,717 ft (828 m). 

It has 57 elevators, 2,909 stairs, and room for 

» 35,000 people. 


| W The scaffolders are highly skilled 
and experienced workers, climbing 
the poles with ease. 


A. Demolition of old buildings can be a high-risk operation. 
Excavators rip into concrete as apartment blocks are 
demolished in Taizhou, China. 


Demolition! 


It is difficult to construct new buildings in cities without 
knocking down old ones. Slum clearance and new 
housing transforms the look of a city and can change 
thousands of lives for the better. However, development 
can be bad news for people who are forced to leave their 


homes, or for historical buildings that stand in the way 
of new projects. 


POPULATIONS OF MEGACITIES 
ob Tokyo, Japan | 34.8 Million 
Shanghai, China 28.9 Million 


Jakarta, Indonesia (26s Million 
Seoul, South Korea | 25,8 Million 


8 ® 
Dethi, India 24.0 Million 
Mexico City, Mexico | 23.8 Million 
Karachi, Pakistan §2RSR 


Manila, Philippines [22.2 Million 
New York City, U.S. 21.6 Million 
Sao Paulo, Brazil (206 Million 


he biggest cities have a lot going for 

them. They can provide work, housing, 
education, health and welfare services, and 
leisure activities for millions of people. 


However, biggest is not always best. With Greater = 
; : Pee ee Tokyo is the nl o|c 
such high populations, big cities are often world's richest el rT 
burdened with traffic jams, pollution, slum megacity, with °o ae - ; 
housing, and overstretched services. 3 Gross Domestic = ox x Ww 
Product of Ole] ol 
S19 trilion = rH Sey 
: (£11 trillion. ole o1% 
be cl/£ici£é 
Nene The world’s inlet About 9 2 els fe 
ofShanghais \} port in Shanghai 4 2.5 million |) [| 5 a — 
populationof [| transports | ea 
pa . a outside Tokyo § |) —|-> 
28.9 million |) 32 million commute w 
has migrated containers a year. | into the city 


il 
Jakarta is sinking at the 
rate of 4in (10 cm) a year. 
——— Development is sucking up 


the city’s groundwater. 
Karachi's deep-water seaport sesiiss 
employs 4,748 workers and To ease traf” sorta. cal 
315 officers who handle tankers, gome road cars containing 


bulk carriers, and containerships. 


Greater Karachi sprawls 
over an area of 560 sq mi 

(1,450 sq km) and is home to 
about 20 million people. 


New York 
City’s NYPD 
has $4,500 
uniformed 
officers. 


9 million 


inhabitants include 


different 
1 1 1| \ ethnic 
groups. 


Greater 
Sao Paulo's 


The weather across 
Sao Paulo is famously 
changeable. It is said you 
can experience 4 seasons 
in just one day. 


70,000. 


autoriekshaw taxis 
WOrk in Delhi 


New York 
subway has 


468 
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In 2014, 
archeologists 
found the remains 
of over 100 human 
and animal sacrifices 
beneath a new subway 


extension in Mexico City. 


With more than 


_—_ 


New York 
City provides 
its citizens with 
one billion gal 
(4.5 billion 1) 
of water 
a day. 


In August 
2013, over 
60 percent 
of Manila 
was under | 
water. J 


‘ Metropolitan . 


¥ Manila \ 


iS a conurbation 


ert of at least 
_ people, Mexico © cin 
Gite Ga che 16 cities. 
biggest urban 
population in Manila has about 
the Western 2.5 million 
Hemisphere. slum dwellers 
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Capital connections 


A capital city may be where people come together to govern 

a nation, pass laws, make money, and work with the er ibassies 
of other nations. Some capitals, such as Moscow in Ru sia, 

are much more powerful and wealthy than other cities in the 
same country. They act as a magnet, pulling in people from 
surrounding regions. 


; ms nation 
ot all cities are equal. A Lan DE ae 
government, hea ther cities 
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Here comes the judge 


i S, and prison se 
n€ country to another, 


Y The start of th 


€ UK. le 
Y a service at Westanem year on October | is marked 


Abbey, in London, UK. 


Cities apart 

When countries are a patchwork of states or territories 
held together as a federation, they often set apart a 
special “faderal territory” where a capital city can be 
built for the nation as 4 whole. The U.S. capital of 
Washington is actually in the District of Columbia (D.C.), 
rather than in a state. That way, none of the states can 


become too powerful. 


W President Barack Obama delivers the 
State of the Union address on Capitol 
Hill, Washington D.C. 
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4 Pupils at a San Francisco school take part in 
a drill, hiding under tables to avoid falling debris. 


st ; 
Preparing for quakes 
San Francisco, U.S., is plagued by earthquakes due to 
a fault in Earth’s crust that runs along the 
Californian coast. The city was devastated on 
April 18, 1906, by an intense earthquake and 
fire, which killed more than 3,000 people. 
Buildings are now designed to 
withstand the tremors, and 
schools and businesses 
regularly take part in drills 
inka to educate people about 
| what to do when an 
earthquake 
strikes. 
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San Francisco | 


ie 


[ee of cities are often 
chosen to provide easy access 
to essentials. Cities need to be on 
trading routes, have easy access 


to water and food, and be able os 

to defend against enemy attack. 

However, some cities have ended 

up in areas that put the lives of 

the people who live there at risk. La Rinconada 
sateeha ke oe ee Laie Search 
4 t ey are allowe se eep. for gold 


La Rinconada is 

situated 16,700 ft 
(5,100 m) above sea level, 
in the Peruvian Andes. Its 
30,000 inhabitants live in slum 
housing without running water, 
heating, or sewage systems. The air is short 
of oxygen, the city can only be reached by a 
hazardous, potholed road, it is bitterly cold and 
heavily polluted. What is the attraction? A gold mine. 
The rising price of gold attracts thousands of people who 
spend days picking through the mine dumps, hoping to find 
their fortune. 


MT wv 


> Venice floods every winter when 
strong tides and winds cause a larger 
inflow of water into the Venetian lagoon. 


Sinking settlement 


Venice is a magnificent Italian city with grand 
palaces, churches, and canals. The area on 
which it stands was once just sandbanks and 
marshy islands. The islands were built on 
during the Middle Ages, and the new city 
prospered from overseas trade. However, 
today Venice is under threat from 
constant flooding as the land 
continues to sink and the 
sea levels rise. 


Catania 


Ww Mount Etna enreaten’ : 
the city of Catania, ont 
Italian island of Sicily. 


dut ing a d ought | 1 Adelaide. 


46 volcanoes 
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ities are made up of many 
different zones and districts, each 

with its own character and dase’ 
Urban areas are split by alleys 
streets, and freeways, along which 
flow traffic and pedestrians. 
These links have to be constantl 
developed and updated to cope : 
with the demands of an ; 
ever-increasing population. 


Grid cities 
Many cities look li 
above. Roads form a criss-cross 

design and buildings fill the spaces 


ke a grid from 


in between. This makes the most 

efficient use of the space 

available. The cities of Harappa f 
and Mohenjo-Daro, in Pakistan’s 

Indus Valley, had grid designs / 

as early as 2600 Bc. Grids are j 

actually not that well suited 

to modern cities. Too many 

intersections stall the traffic 

causing “gridlock,” which 

increases the pollution from 

exhaust fumes. 
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Spaghetti junctions 
Interchanges are road junctions 
where smaller roads meet main 
roads. Complex networks of 
freeways are designed to provide 
fast transport links between 
different areas of a city. On one 
hand, this can reduce congestion 
in city centers as traffic has an 
alternative route. On the other 
hand, easy access to new outer 
areas encourages development, 


which increases the demands on 
a 
| > A highway 
| interchange in 
| | Shanghai, a Chinese 
|. | city with more than 
| | one million cars. 
i 


MAPPING THE STREETS 


In recent years, satellite mapping 

techniques have allowed navigable 

street views from around the world 

to be accessed on computers 

and smartphones. The views are 
photographed by cars equipped 

with cameras, GPS systems, and 
laser scanners. The images are then r 
combined to create interactive, a S  - 
multi-dimensional views. a iil _— 
; A Web mapping apps show 
a user’s location in real time. 
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WORKING 


for the City 


Qe a city is a huge @ 
enterprise. It is usually \e) 
governed by an elected council Ae 
who deal with everything from itt 
public health and urban planning 

to highways and transport 

systems. Other workers—such as 

police, firefighters, doctors and 

nurses, teachers, and street 
cleaners—are also vital in making 

sure the city functions efficiently. 


At the helm 


V New York Mayor | 
Bill de Blasio speaks - 


The head of many city governments is to the press in 2014 
called a mayor. They are either elected after a gas leak in 
by the public or appointed by the city the city caused 2 


; major explosion. 
council. Some mayors have great power ets 


and are responsible for dealing with 
major events. They may direct emergency 
operations during a natural disaster, 
bid to host international events such 

as the Olympic Games, or act as city 
representatives at national conferences. 


one million P 
ear. standin 


sties, where 
: ‘nillions of dollars every 


A |n 2013, more than 
10,000 Sri Lankan security 
workers fumigated the city 
streets in an attempt to 
eliminate mosquito 
breeding grounds. 


Construction planners 


Urban planning departments monitor all building 
activities within a city. They assess whether old 
buildings need to be preserved, which structures 
should be demolished, and how the city will be 
developed in the future. Architects, engineers, and 
town planners work together to accurately map the 
city’s buildings. This allows them to study the needs 
of the people, and react to a change in population. 


4A surveyor uses a theodolite to check 
the angles of a new city skyscraper at a 
construction site in London, U.K. 


Firefighters, police, and hospital 
staff are essential in urban 
environments, Providing welfare 
and help during emergencies and 
disasters. Cities often have dense 
populations with higher rates of 
crime and violence. Built-up areas 
see more vehicle accidents, which 
6 may be attended by all emergency 
b; 


services. In developing countries 
\ ah slum housing has a lack of 


AI Ini sanitation and utilities. 


This puts a strain on 1 
hospitals when people ‘ ‘cA 
consequently become ill. | 


~~ 


4A firefighter carries 
a child to safety after a 
major rail accident in 
northwestern Spain. 
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Counting people 


To organize a city’s housing, transport, and 
other public services, officials need accurate 
population figures. To do this, national 
governments organize a census—a count of all 
the people on a particular day every ten years 
or so. In India, the 2010-11 census employed 
2.7 million officials. They recorded 

the details of 1.2 billion people— 

18.4 million of them living in 

India’s biggest city, Mumbai. 


4A census official in ~ 
southern India questions a 
female construction worker 
about housing conditions. 


—— 


RAFFIC New 


Mors vast numbers of people and 
goods has always been a problem. 
People complained about traffic noise 
in ancient Rome and traffic jams were 
common in Victorian London. 
Governments are constantly trying to 
improve the ways in which traffic is 
managed—to reduce pollution and 
boost the efficiency of modern cities. 


by ide BO ore and oe 
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A French police monitor queues at 
a highway toll point, keeping traffic 
flowing between cities. 


ba 


Eyes in the sky 


It’s important to keep traffic flowing 
smoothly in and out of cities. Traffic 
jams waste time and money, and 
increase stress for drivers and 
passengers. Helicopters allow people 
to observe roads from the air and 
send reports and warnings to radio 
stations or police. Closed-circuit 
television cameras monitor traffic to 
spot obstructions and breakdowns. 
At control centers, speed limits and 
traffic lights can be coordinated to 
keep the city moving. 
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Shanghai T; Transrapid 
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IN 2009, 
SAO PAULO IN 
BRAZIL HAD 182 MI We 


Super speedy subway 


Seoul Metropolitan Subway in South Korea is the world’s busiest 
underground system, with 2,560 million passenger journeys a year. 


OF 
In China, Shanghai’s Transrapid link uses Maglev trains to whisk ‘ 233 
travelers to the city’s airport at 268 mph (431 km/h). Maglev trains Madde SAME 
have no wheels or any other contact with the track. The cars use AT TIME 


magnetic forces to levitate, or hover, just above the track. 


The Knowledge 


Licensed cab drivers in London have no 
need for GPS navigation because they 
have “the Knowledge.” Each would-be 
driver has to take a unique exam 
identifying every street and building 

in the capital, and the quickest routes 


between them—it usually takes students 
multiple attempts to pass. This grueling 
test has been held since 1865, when cabs 
were drawn by horses. 


> Students spend around three years 
preparing for the final exam. 


re Many people wear face masks in Beijing, China, to avoid 
_ inhaling smog, which may cause lung problems. AER E 


_ Smog warning 
Around 25 years ago, most Chinese city 
* dwellers traveled by bicycle. Nowadays, an 
e # increasing number of vehicles are filling the 
streets with exhaust fumes. Along with factory 
emissions and smoke from household stoves, 
these fumes can form a thick smog, which lies 
like a blanket over the city. In 2014, driving 
restrictions were imposed in Paris, France, to 
tackle rising pollution levels. Drivers were only 
allowed to use vehicles every other day. 
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Bilah GS { Public minibus-taxis are popular in 
— crowded cities in Africa and Asia. 
The most eye-catching are colorful 
“jeepneys,” which have been used in 
Manila and other Filipino cities since 
the 1950s. In recent years, companies 
have developed the e-jeepney, a more 
environmentally friendly, electric- 
powered vehicle. Around 50,000 
jeepneys operate in Manila and it is 
hoped that 10,000 will be replaced by 
e-jeepneys in the coming years. 
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<4 Ten e-jeepneys are now being tested in 
Makati City, Manila. They charge overnight 
and travel on fixed routes during the day. 


Viega MARRETS 


large city is a great place to do big business. They act 

as hubs for trade, as well as banking and finance. The 
buying and selling that takes place in cities often accounts 
for a large proportion of the nation’s wealth creation. 


Money, money, money 


Some cities, such as New York, U.S., have large 
stock exchanges—places where stocks (parts of a 
company) and bonds (loans) are bought and sold 
by the public. The prices for stocks can change 
every day. When someone buys stocks, they 
become a shareholder and own a percentage of the 
company. If the company makes a profit, the stocks 
are worth more money, and the shareholders can 
sell them for this new price—making more money 
than they paid for them. 


> Traders monitor the screens at the New York 
Stock Exchange as Twitter Inc. adds stocks to be 
bought by the general public. 
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Come and buy 


Markets have been at the 
center of city life for 
thousands of years—they 
used to play a major part in 
ancient times as the main way 
of selling goods to the public. 
Markets are places where 
traders can give good deals to 
customers, and customers can 
haggle over the price. There 
are many types of market 
around the world, selling 
fresh produce and flowers, 
arts and crafts, and antiques 
or used goods. 


>» The Grand Bazaar in Istanbul, 
Turkey, has traded since 1455. 
It has 5,000 stores on 60 streets. 


Mega mall 


Shopping malls draw spenders into 
cities. The global retail industry is 
worth trillions of dollars. Small 
businesses can find it difficult to 
compete in modern city centers, 
and even big stores are challenged 
by online stores. Opened in 2008, 
the Dubai Mall is the world’s 
largest shopping, leisure, and 
entertainment center. It contains 
more than 1,200 stores, 33,000 
animals in an aquanum, and has 
an Olympic-sized ice rink. 


<@ In 2013, the Dubai Mall received 
75 million visitors. lt covers 
12 million sq ft (1.1 million sq m). 


Import and export 


When a country buys goods from another 
country, it is called import. Selling goods 
to another country is called export. 
Containerships carry freight from port to 
port around the world. The goods are then 
transported to cities by truck, train, or 
plane. China’s Port of Shanghai is the 
busiest in the world. 


¥ In 2012, the Port of Shanghai handled 
667 million tons (605 million tonnes) of 
goods in 32,530 containers. 
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Paper bills 


Although the transfer 

of money is becoming 
increasingly digitized, 

paper bills and coins are 
still used on a massive scale. 
In 2013, the U.S. Bureau 

of Engraving and Printing 
delivered 26 million notes a 
day, worth $1.3 billion. More 
than 90 percent of the bills 
produced are to replace old 
or damaged bills. 
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<The Bureau of Engraving 
and Printing in the U.S. 
printed new dollar bills in 
2013 to incorporate a 

3D security ribbon. 
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Tastes for all 


As cities become melting pots of 
peoples and cultures, the choices 
for different cuisines multiply, 
The food found in many cities is 
also influenced by the availability 
of local Produce, In Paris, 
restaurants follow a tradition of 
haute cuisine or fine cooking. 
Diners in Beijing can try foods 
from every region of China, 
including Century €ggs—eggs that 
have been Preserved for a few 
months until the yolks turn green 
and the whites are brown. In 
Iceland, diners can feast on 


puffin, a bird found on the coast. 
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Big cheeses 


Some cities become famous for 
a particular type of food. The people 
of Gouda, in the Netherlands, are 
celebrated as cheese makers. Trading for 
more than 800 years, the Open-air market 
in the old city attracts tourists to watch 
traditionally dressed porters carry the 

cheeses to be weighed and priced. 


he city by night is a 
PUBLIC : secret world that is 
) “a 3 rarely seen. When the 
last people go home and 
the streets fall silent, 
the city is taken over by 
night workers, cleaners, 
security guards, and 
emergency services— 
and animals in search 
of food. 


Clearing the tracks 


After midnight, cleaners descend 
into the depths of London 
Underground’s rail network, known 
as the “Tube,” to clear the platforms 
and tracks. More than one billion 
passengers travel on the Tube every 
year, leaving behind a lot of trash 
including 10.5 tons (9.5 tonnes) of 
newspapers every day. In addition, 
engineers and maintenance workers 
carry out important work overnight 
to keep trains running safely when 
the stations reopen in the early hours 
of the morning. 


® A night worker cleans London 
Underground's live rails.A team of 
cleaners spend four hours a night 
clearing the tracks. 
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POLICE 


-. On patro 
Every cityhasa police 
department to enforce the law | 
within the community. Officers 
patrol the streets, dealing with — 


ia 


accidents and disorderly behavior, a 
investigating reports of burglaries and “| 


~ use cars and motorbikes, as well as 
‘rollerskates and bicycles to get to 


pana h areas. 


<@ Police wear protective 
_ gear in particularly 
__ violent situations. 


- 


VY Garbage trucks visit about 
800 homes before unloading 
the trash at a landfill site. 


What a waste 


In the early hours of the morning, refuse 
collectors travel through cities collecting 


waste from homes, offices, and leisure 


facilities—a service that costs $205 billion 
every year. Urban populations produce an 
enormous 1.4 billion tons (1.3 billion 
tonnes) of trash every year. Cities in 
developing countries are expanding so 
rapidly that by 2015, this is expected to 

rise to 2.4 billion tons (2.2 billion tonnes). » 
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M any great cities have City of three faiths ry 
special historical or | The ancient city of Jerusalem is sacred to three religions—Judaism, Re otelieaa 
spiritual meaning for ae Christianity, and Islam. Jewish people come to pray at the Western bi om da 
followers of th van Wall, or Kotel, which borders Temple Mount. Nearby is the Dome of 
™ Rok 0 e world’s the Rock, a gleaming shrine that dates back to ap 691. Inside it is Ia | r.. 
religions. Some of them ~ the Foundation Stone, where Islamic tradition believes Muhammad : 8 
have international rose to heaven. Christian pilgrims also worship here as it is one of Py 
° the many sites associated with the life of Jesus Christ. f | 
importance and attract 
milli * 2 ¥ Islamic men perform morning 
illions of pilgrims from prayer in front of the Dome of the a 


Rock in east Jerusalem. 


different countries every 
year. Huge crowds gather 
at cathedrals, temples, 
mosques, or monuments 
to worship. 
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~ Drawn to Mecca 


Mecea is a major city in Saudi 
Arabia, with a dense population of 
about 2 million. Each year another 
15 million Muslims visit the city, 
the birthplace of Muhammad, 
the founder of Islam. More than 
3 million of these come for the annual 
Hajj, a pilgrimage that all Muslims 
_ |, must make at least once during their 
|__| lifetime. Dressed in white, they walk 
_,4 seven times counterclockwise around 
the Kaaba, Islam’s most sacred site. 
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slim pilgrims 
a the ritual of 
Tawaf, moving 
the Kaaba. 
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/ To the city and the world aon 


-= Urbi et Orbi, which means “to 
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V St. Peter's Square is 

the religious center for | 

more than 1.2 billion I 
Roman Catholics 


+ Inanci iCi 
cient Rome, official proclamations were made 


Fe ye. makes an address today, he uses worldwide. 
ame words. The center of th f P 
Vatican City, an ind © Catholic faith is { 
en €pendent state within th 
0) ney e cat pe 
of Rome, the Italian capital. The massive B ¥ : 
of St. Pet asilica k 


illi the 
Where millions ba is a center of finance and home to 


i \lahabad in northern India 5 ae 
eae oie It is sited at a junction of Aaa are i ae 
ie E mythical “Saraswati.” Hindus visit the city to bat o dis 
oak Allahabad is one of the periodical locations for the Kum : 


the largest religious gathering on Earth. 


> More than 100 million } 
Hindus attended the 
Kumbh Mela festival in 
Allahabad in 2013. 


Graffiti art 


SA Graffiti consists of words, Pictures, 
Or patterns that have been Painted or 
scratched onto walls in public places by 
an individual or Jroup. The work is believed 


to be vandali 


This Painting by graffiti artist 
“Banksy” appeared on a wall 
in North London. It was 
anonymously removed. 
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in 2013 it was completed 

by 50,304 people—a world 
record. The runners included 
some of the finest athletes 
from around the world, as well 
as ordinary city dwellers, keen 
to test themselves or raise 
money for charities. 


> More than 15,000 people 
take part in the Valencia 
Marathon, which takes 
place in the Spanish city 

in November. 


aE 


wea ii ie 


Games 


GS have always been places where 
sport thrives, either informally on 
the streets and in gyms, or in huge 
stadiums and arenas. Sporting events 
have been popular since ancient 
Roman times, when they supported 
the empire’s economy. Today, sport is 
big business, pulling in millions from 
spectators and advertisers. 
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Mega h 
marathon 


Thousands of marathon 
runners flowing 
through city streets is 
an impressive sight. New 
York’s annual November 
race is run through five city 
boroughs over a disance 
of 26.2 mi (42.2 km), and 


@ Jessica Ennis 
finishes first in the 
800-m event, 
winning a gold 
medal in the 
Heptathlon at the 
London Olympics 
2012. 
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Olympic flame 
Only the world’s biggest cities have the 
resources to host the Olympic and 
Paralympic Games, with the cost of 
staging these events running to many 
billions. The four-yearly Olympics 
originated in ancient Greece around 
776 Bc and, even then, they were an 
expression of the city’s status. Since 
1896 the Olympics have become the 
ultimate global championship. Athletics 
and top-level sports still thrill the 
crowds, and can strengthen a city’s 
international image. 
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' Racing through the streets 


The city-state of Monaco is made up of the conurbation of Monaco-Ville, Monte Carlo, and 

La Condamine. Although small in size, it is the most densely populated nation on Earth, with 
46,615 people per sq mi (18,005 per sq km). The annual Formula 1 race was first held in the city 
streets in 1929. The circuit takes six weeks to prepare and is extremely narrow, with tight corners 
and elevation changes, making it challenging and exciting for drivers and spectators alike. 


Popular sport 


Football and other team games are extremely 
popular, making the host cities billions of 
dollars through tourism every year. 
Thousands of fans buy public transport 
tickets, food and drink, accommodation, and 
souvenirs, as well as the stadium entrance 
tickets. The National Football League is the 
‘ Pisco? ae ag py vege i ® U.S.’s most popular sport, generating 
‘e 2 ¢ oe BIGGER FASTER cis =” ® eee 5 rf See $10 billion (£5.9 billion) in 2013. 
65 owe = Be eee | x : ae 4 Wh Bee <4 Every year, thousands of fans attend NFL 
ae be i | e i 2 ene a ioe s games. On September 15, 2013, 68,000 fans 
é ‘ | : a ie broke the world record for the loudest 
crowd roar—at 136.6 decibels—while 
watching the Seattle Seahawks vs. 49ers. 
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\!° FUTURE 


ities will always exist, but they cannot grow indefinitely 

because their massive drain on natural resources, such as _~ 
water, is unsustainable. Population growth also has its limits 
and as communication technology develops and people can work 
remotely from anywhere in the world, numbers of city residents 
may start to decline. 


¥ Sub Biosphere 2 is a design for a 
future underwater city. It is made up 
of a central “biosphere” surrounded 
by eight biomes. 
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In or on the water 


In some parts of the world affected by flooding or rising sea levels, 
city planners are already designing floating cities. The Dutch are 
constantly building defenses against the North Sea and the Meuse 
and Rhine rivers, to protect their low-lying coasts. Now they are 
building floating homes and artificial islands to cope with the 
problem. Some futurologists are even designing self-sufficent 
systems in which people could live above or beneath the water. 
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SELF-HEALING CITIES 


Future cities may be able to protect themselves from 
crumbling into ruin. Scientists are developing a concrete 
mixed with bacteria that can fill its own cracks with calcium 
carbonate when exposed to rain and air. Polymers have also 
been developed that can fill in any of their own flaws. City 
streets and buildings may one day be self-healing. 


v Earthscraper would be located in Mexico 
City’s main square, with a 2,580-sq-ft 
(240-sq-m) glass floor at the surface. 
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VY Songdo’s Central Park canals use seawater, saving 
thousands of gallons of drinking water every day. 


€arthscraper \ 


Architects have found a 

way to bypass height limits 

in city planning regulations— 

they can build downward. ; ; iy 
Earthscraper is a concept for a 

65-story building in Mexico City. 
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Based on a huge upside-down 

pyramid, it will reach a depth of 

985 ft (300 m). Ten stories are 

planned for homes, stores, and leisure 
facilities, and 35 stories will be used 

for offices. The glass core would allow 
sunlight to reach even the lowest floors. 
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Spectacular structures reveal our past— 
explore a world of colossal constructions 
from mighty prehistoric monuments to 
luxurious royal residences. 


Mighty Megaliths 186 
Pyramid Power 188 
Awesome Landmarks 190 
City of Stone 192 
Great Wall 194 
Bridging the World 196 
Mega Rome 198 
Holy Wisdom 200 
City in the Clouds 202 
Sacred Temple 204 
Worship and Wonder 206 
Crusader Castle 208 
Heroic Statues 210 
Mayan Masterpiece 212 
Russian Fortress 214 
Mughal Majesty 216 
Palace of Versailles 218 


4 Athens, the greatest city in ancient Greece, is home to the 
magnificent Parthenon temple. This imposing structure was built 
between 447 Bc and 432 Bc and housed a 50-ft- (15-m-) high 
gold-and-marble statue of Athena, the city’s guardian goddess. 
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fobs across western Europe are large numbers 
of ancient earth monuments and standing 
stones, known as megaliths. Some of these 
spectacular structures date back to the Stone Age, 
around 5,000 years ago. The people who built them 
had few tools, yet they still managed to haul the 
huge stones vast distances. We don’t know for sure 
why they were built, but they may have had a 


ceremonial or religious significance. 


Shrouded in mystery 


There are many theories about the purpose of 
Stonehenge. It might have been a temple to the 

gods or a monument to the dead. It might also have 
been a symbol of unity between the warring tribes 

of England, as large numbers of different people 
would have had to work together to build it. Recently, 
it has been suggested that it was a vast healing site. 
The Preseli stones came from near a natural spring, so 
it is possible that people came to Stonehenge hoping 
to be cured of their illnesses. 


v Work began erecting Stonehenge 
around 2600 Bc, and continued for 
more than |,000 years. 


” 
i 


Paes 
»~ Staggering 
- > Stonehenge 
5, “One of the most impressive 
monuments in the world, 
Stonehenge stands proudly 
in the middle of Salisbury 
Plain, U.K. Today, this 
x mysterious structure consists 
Be of a central horseshoe of 
& 43 standing stones surrounded 
a by a larger circle of 
30 standing stones, which has 
> 4 ring of flat stones laid on 
top. Some are enormous—up 
to 13.5 ft (4.1 m) tall and 
we —s weighing around 25 tons 
a "~. (22.7 tonnes). They may have 
| been dragged all the way from 
We the Preseli Hills in South Wales; 
* f 1450 mi (241 km) away. 
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A Stonehenge 
has long been a 
center of religious 
importance. 
Throughout its 
history, groups 
such as Druids 
have gathered 
there to celebrate 
the seasons. 


Be. __Newgrange,'a vast burial 
Al a _ mound, held’some major ° —_— 


a » religious seniicais related 
ae Hy ote t 1 painter sun. 
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aN hundred years older than 
tonehenge and the pyramids of Egypt, 
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. Newarange Mound in Treland i is oe oldest 
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V These diagrams show two different views Side view ue 
of how, once a year, a narrow beam of ke 


3 sunlight enters the mound and ~~ 
INSIDE THE MOUND * _ 


lights up the end wall. 


*. Inthe southeast of the 
mound, a passage less than <a 
66 ft (20 m) long leads into a Roof cata 
cross-shaped burial chamber. The box | pom? 
20-ft- (6-m-) high stone roof has ae Path of winter : 
kept this area dry for more than mone solstice sunlight Stone an 
5,000 years. At 8.58 a.m. on 
December 21—the winter solstice or 
shortest day of the year—a narrow 


beam of sunlight shines down the 
passage and hits a triple-spiral 


Passage Burial 
Ker chamber 


Overhead view 
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stones 


¥ Scotsman James Miln Dn ) Aur 
“andhis French assstare.a boy ROW Upon row 
named Zacharie Le Rouzic, first The standing stones at Carnac, France, are nothing short 
began to count the Carnac of impressive. Eleven rows of 1,100 menhirs, or prehistoric 
_ Stones in.the 1860s. standing stones, some a huge 13 ft (4 m) tall, stretch for 
3,822 ft (1,165 m). Not far away are another ten rows of 
9 stones, which run ie around. 4,265 ft (1, 300 m). 


s) anc datniens (free-standing graves). 
village has more than 3, 


yple. They may nave been | 
“used to detect ea =r, 
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A symbol of power 
The Great Pyramid is the largest and the oldest of the 
three pyramids at Giza. It was built for the Pharaoh ei 
Khufu, who ruled Egypt between 2585 and 2560 BC. 

He wanted a tomb more grand and impressive than 
any pharaoh before him. The pyramid was once 


480 ft (146.3 m) tall, although it has eroded oa 
5 ft (139 m) in heigh Fs 


PYRAMID 
Power 


tanding in the Egyptian desert to the west 

of Cairo is the Great Pyramid. It was the 
tallest man-made structure in the world for 
more than 3,800 years, built to house the body 
of the pharaoh after his death. Thousands of 
workers toiled under a blazing sun for 20 years 
to build this colossal structure. 


the years to become 45 nts 
Incredibly, the pyramid contains roughly 
2.3 million limestone blocks. Since it took 
20 years to build, it is estimated that 
~~ workers would have had to place 
| 42 blocks each hour, a total of 
896 tons (812 tonnes) of 
stone a day. “3 
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Building the tomb 


The thousands of workers that built the 
Great Pyramid were directed by a man 
called Hemiunu, whose job title was 
“Overseer of All the King’s Works.” He 
decided where to build the enormous 
structure, and how to do so. Hemiunu 
organized every aspect of the mammoth 
project, from the quarrying of the stone 
to the preparation of houses for the 
laborers. We don’t know for certain how 
the workers moved the stones up the 
sides of the pyramid, but it is likely that 
they dragged or rolled them up a ramp 
with ropes, rollers—and hard labor. 
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A Each block used 

to build the Great 
Pyramid weighed as 
much as two and a 

half adult elephants. 
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W The Great Pyramid was once 
coated with blocks of highly 


$33 : LE oe polished white limestone, but 
ee eee these have since been removed i 
(ere ie to build mosques and other ; 4 
Seip hat Pee = buildings in Cairo. 
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> The Great * 
Sphinx is 241 ft 
(73.5 m) long, 63 ft 
(19 m) wide, and 

66 ft (20 m tall). 
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h died, the Sun would strengthen y 
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vote Step Pyramid was 
a € surrounded by courtyards : 
ceremonial buildings. Pie 
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Off the coast of San Francisco In California, 
infamous landmark—Alcatraz 
tourists, it was once a prison, h 
violent criminals in America. 

that separate the island from the co 
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TIMELINE OF THE WALL 


770-221 8c Local walls built during Zhou 
Dynasty and Warring States period 


_ — 


221-210 sc_—_—First Great Wall built during reign of b 
First Emperor Qin Shi Huangdi : 
202 ec-av 6 Wall extended across western Ching 
during Han Dynasty - 
ao 220-1127 Many local walls built during Sui, : 
Tang, and Song Dynasties 7 
907-1234 Numerous walls and ridges § 
constructed in Inner Mongolia : 
1368-1644 Wall rebuilt in stone and brick i 
during Ming Dynasty 7 
= sa ee ae wt 
= tretching across the northern plains and 
hills of China are a series of remarkable | 
fortifications. They are collectively known as The need for defense 
the Great Wall of China. Some are built of stone, China was often threated by hostile 
= many more are mounds of earth. Others are just tnbes living to its north. To protect 
i ditch t if a h iff d themselves, the various Chinese states 
= i ches or naturat Trontiers, such as Clits an built a series of local walls. When China 
— rivers. Together, they form one of the greatest was united under the First Emperor in 
- architectural wonders of the world. 221 Bc, these walls were joined 


together. Parts of this new wall were 
built of stone, while other parts were 
constructed with earth. This wall was 
then extended, and large parts were 

rebuilt in stone and brick. It is these 
latest walls that we recognize today 

as the Great Wall. 


Ningxia 


> The Great Wall snakes along the northern border 44 
of China. It was built to protect the country, but it was 
also used as a route for communication and trade. 


@ Vast army of terra 


cotta warrior 
to guard him in t ; 


he afterlife, 


“The First Emperor was a 
Strong but cruel ruler, He onc 
ordered 460 scholars to be ‘ 
buried alive for ownin 
forbidden books, : 


Building techniques 


Where the wall ran across muddy plains, it was built using a 
technique called rammed earth. A layer of earth mixed with sand, 
lime, or chalk and gravel was placed between high wooden 
boards and flattened down with long poles. When the 
first layer dried, another layer was added on top. When 
the wall was complete, the boards were taken 
down and the walls finished off. 


A NARROW Roap. 


Workers toiled for years 
to build the wall-When it was 
finished, soldiers patrolled 

along it and looked out for 

enemy troop movements, sending 
smoke signals to summon 

reinforcements if necessary. 
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BRIDGING the World — 


apes ot 
Re ee oe LC 
hroughout history people have needed to.cross over 
and manage waterways—this has resulted in the ; o ‘eS 
assembly of some impressive bridges. Many are awesome oe Bok 


because of their size, others for their ingenuity in design / 
and construction, and some for their sheer beauty. 


= GN BRIDGE, UK. 


es 


There have been 
bridges over the river 
Thames in London for 2,000 
years. One of the most famous is the 
Old London Bridge. It took 33 years to 
build and was so expensive that when it 
was finished in 1209, King John had to sell 
off plots for people to build on. Some of the 
buildings w seven stories tall, and 
ee erhung v9 ea ae that hen 9 the bridge. 


~ This famous 
bridge was built 

“© over a narrow canal in 
Venice in 1602, and is 

pe entirely enclosed in white £4 
marble. On one side were — 
rooms in the chief magistrate’s 4 
palace, where criminals were a 
m questioned. If found guilty, the 

= convicts were led across to the 

. New Prison. On their way, they 
i. were said to have sighed in 
despair at their last 
view of Venice. 
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On May 24, 1883, 
Brooklyn Bridge in New York 
City was opened. Soon after there were worries ; 
that it might collapse, so a parade of 21 elephants e 
was led across the bridge to prove it was safe! At 
5,988 ft (1,825 m) long, it was the world’s first-ever 
steel-wire suspension 
bridge. It remained the 
longest of its kind for 
20 years. 


The Golden Gate 
channel, which connects 
San Francisco Bay in California to 
the Pacific Ocean, was once thought far 
too dangerous to bridge. Yet, after four 
years of working in often treacherous = * VA P 
conditions, this beautiful six-lane, steel / 
suspension bridge was opened in 1937. A rs ti 
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PONT DU GARD CONTAINS 50,400 TONS 
(45,722 TONNES) OF LIMESTONE WITH 


WY Pont du Gard in France is the 


highest of all Roman aqueducts, 
with three tall tiers of arches. SOME BLOCKS WEIGHING UP TO 6 TONS 
(5.44 TONNES) EACH. 
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Sydney didn’t have a 
bridge across its harbor until 
1924, when a contract was awarded to a 
British firm. The design was a simple steel arch 
that could carry six lanes of road traffic, four railroad 
and tram tracks, and two walkways. It opened on March 19, 
1932 and is still the tallest steel arch in existence at 160 ft 

(49 m) wide, 440 ft (134 m) tall, and 3,770 ft (1,149 m) long. 


ROMAN INGENUI 
a man engineer 
Around Ao 40, es (265-km-) long 
ater 
“aqueduct, oF ¢ va 
from a spring 4 
Nimes. Unfortun 


. h. 
f=. locked its pat cting a 
% this problem by constru yeduct that 


4 4,180-ft- (36 farches = 


ately the 
The Romans solve 


complete, 
7,000 cu ft (200,000 cum a 
ie every day to fill the fountains, 
: ~ and basins of Nimes. 


pine never a dull moment in the Baa om 
ome. The emperor : 
: put on 
a of entertainment for his subjects — 2 

niet ate Ae There weretwo 

An —the Colosseum, wh Ss 

| “alad; , where “ 

() A ? See fought and wild animals were ae 
| ed, and an oval track known as the Ch: 


Circ i 
us Maximus, where chariots raced 
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CIRCUS MAXIMUS PRES 


« THIS SUNDAY AT NOON 
¢ FREE ENTRANCE! 


WHAT A VENUE! 
je Circus Maximus remains 
the largest sports stadium ever built —it was 
able to accommodate 250,000 spectators. 
Four teams of chariots —the Reds, Whites, 
Greens, and Blues, all owned by the 
d seven times around the 
about 5 mi (8 km). The PY 
the end of each straight 
rgerous—crashes were A THRILLING RIDE 
iten Seen: Usually a team of horses pu 
lightweight chariot, but cam 
sometimes took their place. 
wrapped the reins around hi 
falling out. He also carried a $ 
cut himself free if the chariot turne 


down and trapped him. 


Chariot drivers wore 
helmets but no other 
rotective clothing as they 
raced at great speecs 

around the track. 


To this day, t! 


emperor—race 
track, a total of 
sharp corners at 
were ncredibly dat 
and injuries © 


| 

led each 

els and elephants 
The charioteer 
mself to avoid 
harp dagger to 
d upside 


common 


The oval track was 

an impressive 1,780 ft 
(542 m) long an 

460 ft (140 m) wide. 


Tiered seating was 
split up into zones 
by walkways Shrines and monuments 
sat along the centra 
spina—the area that 
divided the track 
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THE ROMAN EMPIRE INTRODUCES w 


THE COLOSSEUM} 


"In ab 80, thousands of Romans 
* turned up’to the Colosseum for 
a gladiator festival lasting | ies 
“< 100 days. This new foun By ig 
tiered oval stadium was 
617 ft (188 m) long, 512 ft oer 
(156 m) wide, and131-f 7 
(40 m) high. A typical... 
day’s events began» ote 
with a parade of 
gladiators, dancers, 
and musicians, It 
continued with fights 
between armed 
hunters and wild 
animals, and then { 
ended with the most. oe 
popular events— : 
gladiator contests. 


S The Colosseum “6 
WA IDDInTORS, ee Wee weet could seat isp to aN 
pRisc> WEAD ey an ee ee No : 50,000 people. j 


A ENTER THE ARENA 


Me Gladiators were usuall 


Y prisoners of war, criminals, 
or slaves, with the occasional volunteer. They 


i trained hard and fought each other with swords 
\y and tridents. If a gladiator was wounded, he could 
¥ yf appeal to either the referee or the emperor to stop 
ce made their views known 


A defeated \ 
gladiator on the * 
ground appeals for ** 
mercy from the 
crowd—the victor 
looks up as he awaits 
instruction to kil] or 
spare his rival, 
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Fo nearly 1,000 years | ngs AFTER TURKEY 
after its construction | BECAME A REPUBLIC IN 
in av 537, Hagia Sophia 7) 1923, ISTANBUL BECAME 
was one of the largest j THE OFFICIAL NAME FOR 
churches in the world. ' CONSTANTINOPLE. 
Yet this beautiful holy Ee 

place was nearly 

destroyed by two 

earthquakes, and was 

ransacked by Christian 

Crusaders in 1204. It 

was then attacked by 

Muslim armies in 1453, 

but it survived, and 

continues to dominate 

the skyline of Istanbul, 

Turkey, today. 
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CHANGES OVER TIME 


AbD.537 Hagia Sophia is originally 
built as a Greek Orthodox 
basilica (church). In ap-558, 
the main dome collapses 
during an earthquake and 
is rebuilt. In av 859 a great 
fire causes much damage, 
as do earthquakes in ap 869 
and ap 989. 


Christian Crusaders on 
their way to liberate the 
Holy Land from Muslim rule 
ransack Constantinople 
and turn the church into a 
Roman Catholic cathedral. 


Byzantines recapture 
Constantinople and return 
Hagia Sophia to Greek 
Orthodox control. 

After the Muslim Ottomans 
seize Constantinople, 
Hagia Sophia becomes a 
mosque-four minarets 
are built at each corner. 
The mosque is restored in 
1739-1740 and then once 
again in 1847-1849. 


Mustafa Kemal Atatiirk, 
the president of Turkey, 
turns Hagia Sophia into 
a museum. 


he Incas of South America were master masons. 

They cut and shaped their building stones so 
perfectly that even a blade of grass could not fit 
between them. The Incas manually dragged these 
huge stones into place with rollers. The Inca Empire 


was conquered in 1532 by the Spanish conquistadors + ‘ 


and little of its grandeur survives today. The mystical 
city of Machu Picchu, however, remained intact. 


Building an empire 


In around 1200 the Incas of Peru began to build 

a vast empire. By the 1470s it stretched 1,985 mi 
(3,195 km) down the western side of South America, 
from what is now Ecuador in the north, to Chile in the 
south. The Incas were great builders, constructing 
huge fortresses and a vast network of roads measuring 
at least 12,500 mi (20,117 km) long. They terraced 
their steep hillside for farming, and built many 
bridges over the steep valleys. 


V The road to Machu Picchu zigzags 
up the steep mountainside. 
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Sacred site 


The city of Machu Picchu stands 7,970 ft 
(2,430 m) above sea level on a saddle of 
flat land between two mountains above the 
Sacred Valley, about 50 mi (80 km) from 
Cusco, Peru. The city has 200 buildings 
arranged on wide terraces around a vast 
central square. These buildings include 
palaces, temples, and simple houses. 
Machu Picchu stands in an earthquake 
zone, so the Incas built its walls 
without mortar, allowing the 

carefully fitted stones to move 

and then settle again should 

an earthquake strike. 


FANTASTIC FEATURES 


Machu Picchu is home to many stone temples, P Machu Picchu w. 

as well as the Intihuatana stone, which works founded around vee 
like a calendar. At midday on November 11 and but abandoned in the 
January 30, the Sun is directly overhead and 1570s after the Spanish 
casts no shadow. On June 21—when the Sun is had Conquered the Inca 
at its highest—the stone casts a shadow on its Mpire. This artwork 
southern side, while on December 21—when it shows Hiram Bingham 


: 5 5 Viewi . 
is at its lowest—a shorter shadow falls on its Bes the City, Covered 


f IN vegetati 
northern side. first eel for the 


¥Y The Intihuatana stone’s name 


means “to tie up the Sun.” fi et. { Rediscovered at last 


The Spanish 


> At the 

Temple of the 

Condor is a rock 

that has been carved into’ 
the shape of a condor— 
an enormous flying bird. 


adie 


A The Temple of the Sun lies in the upper 
part of the town, which was used mainly 
for religious and ceremonial purposes. 


Sacred TEMPLE 


eep in the jungles of Cambodia in V Angkor Wat rises from 
Southeast Asia lies one of the most the jungle, which for 
? centuries has threatened 
remarkable temples in the world. Angkor to completely engulf it. 


Wat was built during the reign of King 
Suryavarman II, who ruled Cambodia from 
1113 to 1150. The temple was built to 
honor the Hindu god Vishnu, but during 
the late 1200s the country—and the 
temple—became Buddhist. 


Building the teat 


Stone for the temple was quarried at Mount Kulen, 
about 25 mi (40 km) from the site. It was then 


* A 0) , Abita 
carried by raft along the Siem Reap River. More than H ti 
5.6 million tons (5 million tonnes) of sandstone was Mountain peaks } 
used—as much stone as the Great Pyramid at Giza. HAs well as being a masterpiece of construction, 
Angkor Wat’s architecture is thought to be a NS 
symbolic. The temple itself may represent Fp: oe 


¥ Angkor Wat is surrounded by a moat of water kept at 
a constant height. If the water were to rise or fall, the 
stone walls of the temple would crack and collapse. 


Mount Meru, home of the gods. The five towers af 
are thought to symbolize the mountain’s five 

peaks, with the walls and moats representing 

its surrounding mountains and oceans. Inside, 

the three main galleries represent Brahma—the 

god of creation, the moon, and Vishnu—the 

Supreme Being. Another theory is that Angkor 

Wat was designed to represent peace, while 
others believe it represents the star 
constellation Draco (dragon). 


> Vishnu is the supreme god of A 


Hinduism and is usually shown 
with four arms, just visible on 
this damaged statue. 


le 


aor ° of Angkor Wat is 213 ft 
A complex design (65 m) tall 
Angkor Wat is surrounded by The temple’s outer 
ln. 625-ft- (190-m-) wide wall is an enormous 
~ moat and a high outer wall. 3,360 ft (1,024 m) 
This wall encloses a large puechd 2a 
fae Ue g (802 m) wide 
area, which originally 
contained not only the 
temple but also a royal 
palace and town. A 
*.1,150-ft- (350-m-) long 
Causeway leads to the 
temple itself, which stands 
on a raised terrace. The 


temple consists of three pS Ae, hey ee ates 
rectangular galleries—the Peer ga oe Meee rane Uh 
Baanaulahg ‘ just 40 years. The stone was EOL 


outer one is 613 ft (187 m) hauled into’ place by. elephants the temple to 
by 705 ft (215 m). using bamboo scaffolding, Suntpunsing ons 
ropes, and pulleys. 
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> Enormous carvings and stone figures of devata 
(or gods) and apsaras (female spirits of the clouds 
and waters), decorate the temple. 


Covered in carvings 


Angkor Wat's walls are carved with 
scenes from the epic Hindu poems the 
Ramayana and the Mahabharata. 
Many of the ceilings are carved 


with snakes, lions, and garudas 
(birdlike creatures). Statues of 
Vishnu and other Hindu gods 
are also placed around 

the temple. 
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‘Worship and i. 


n many cities the most impressive building is a 
Christian cathedral. With their high towers and spires, 
these beautiful structures reach to the heavens and 
dominate the city below. Often filled with magnificent 
treasures, cathedrals are places of worship and wonder, 

» a stone and glass recognition of the many talented 
<> workmen who constructed them. 


At ni 
ight, th 

t ’ 

he cathedra pee of 
Up, 


the j 
e, MPressive 


“4 
D « 
\, A On Sundays and other 

» religious occasions, the q 
» Pope addresses Catholics q 
b from his balcony, which q 
overlooks the square. q 
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_ ; : Perey 
K F fi hundreds of years, warriors built 
Massiv j 
Fond e stone castles to protect Designed for defense 
; e ves from their enemies, Krak Krak des Chevaliers commanded the main route fr 
es Chevaliers in Syria was one such Syria into the Holy Land. The original Mustim forties 
mf pastle, strategically fortified to def d a ii “ Crusaders in 1099, and in 1144 it was taken 
} ' against siege during the Crusades oe ee ae Tah 
- J i —d ay. 'ne knights st 
series of military campaigns undertaken castle, surrounding the fortified ia 
to regain control over Jerusalem d with a lower, outer wall over which they could shoot 
: the Holy Land on atan attacking enemy. 


> Today, Krak des Chevaliers is 
remarkably well-preserved, and 
still stands almost intact on its 
rocky hilltop. 


In 1095 Pope Urban II issued a call to 
arms. The Muslim Turks who controlled 
Jerusalem were now preventing 

European pilgrims from 

visiting the holy sites. He 

asked for an army to reclaim 

the land for Christians. 

Thousands of Crusaders 

answered his call, seizing : = ae ¢ ae) Richard I of England once owned many 

Jenteal e edu i “¥ ik estates in northern France, and in 1195-1198 he built 

the area until the Muslims / AWS 2%.) Chateau Gaillard to defend them. The castle stood on a spur of rock a4 
retook it by 1291. 4 fsvtesn| above the River Seine. Richard boasted that he could hold the castle, ex ¥ 
“even if the walls were made of butter.” Yet in 1204, Philip II of “a 
France surrounded the castle. His troops undermined one of the 


Y This illustrated manuscript shows 5 | mi ) 
outer walls and rushed in, taking everyone inside prisoner. 


a French army loading supplies onto 
a ship as they prepare to depart for 
the Holy Land. SY aif VY Chateau Gaillard was once 

iia: x an imposing fortress, dominating 
A the region: Today, its ruins are 


Ap i5/8\ still substantial. 
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The badge 
of the Knights 
Ospitaller Was 
a White Maltese 
Cross on a black 


The Order of Hospitallers 
background 


, Was established in 
around 1023 to Care for 
} Sick, injured, and poor 
Pilgrims who had come 
| from Europe to Visit the 
Holy Land. After the 
Crusader Conquest of 
Jerusalem jn 1099, 
y the knights took over 
the defense of the Holy 


y Land until Muslim forces 
expelled them in 1291, 


AYOLSIH Huipling 


Aes the globe, 
many massive 


statues dominate our 
landscapes. These 
colossal carvings are 
awe-inspiring for their 
immensity. They each 
have a story to tell, 
even though they 
cannot speak—they can 
remind people of their 
faith, or an important 
event in their past. 


Where the Min, Dadu, and Qingyi rivers 
meet near Leshan in Sichuan province, 
China, the water is highly dangerous for 
boats. In av 713, a Chinese monk called 
Haitong decided to carve a large Buddha 
in the nearby cliff to calm the waters. He 
was so determined to complete his task 
that when he ran out of money, he gouged 
out his eyes to show his seriousness. After 
his death, his followers completed the 
project in av 803. The statue of a seated 
Buddha is vast—its shoulders are 92 ft 
(28 m) wide. 


tg THE STATUE OF 
® LIBERTY CARRIES 
| LAWS IN HER LEFT 
| HAND’AND THE 
TORCH OF FREEDOM 
IN HER RIGHT HAND. 


98 ft 
. (30 m) 


This statue cost the 
equivalent of $3,300,000 
(just under £2,000,000) 
when it was built in 
the 1930s. 


— 


(85m) VW. 


When this massive statue 
was dedicated in 1967, it 
was the tallest sculpture 
in the world. 


The seven rays that surround 
the statue’s head represent 
the Sun, the seven seas, 
and the seven 
continents. 


é. BY) 


Christ the Redeemer [/the Motherland Calls « Statue of Liberty _ 


In 1931 the devout Roman Catholics of 
Rio de Janeiro, Brazil, put up the fifth 
largest statue of Christ in the world. 

It was placed on top of the 2,297-ft- 
(700-m-) high Corcovado mountain, 
which overlooks the city. The statue 
itself stands on top of a 26 ft (8 m) 
pedestal and its outstretched arms span 
an enormous 92 ft (28 m). The whole 
statue, which is made of reinforced 
concrete and soapstone, weighs 711 tons 
(645 tonnes). 


More than 1,150,000 Russians were killed 
or injured during the brutal Battle of 
Stalingrad in 1942-1943, during World 
War II (1939-1945). In 1967 a statue 
known as The Motherland Calls was 
erected in Volgograd, Russia, to honor 
their memory. The statue, which shows 

a woman with a sword in her hand, 
represents the motherland of Russia. It 
weighs 8,700 tons (7,893 tonnes). Two 
hundred steps, representing two hundred 
days of battle, lead to the statue. 


As you approach New York, U.S., by 
sea, aS generations of immigrants 
from Europe have done, the vast 
Statue of Liberty looms up over you. 
This famous iron and copper statue 
was made in France and then shipped 
in crates across the Atlantic to be 
assembled, and then raised up on its 
stone pedestal. Designed by Frédéric 
Auguste Bartholdi, it was given to the 
U.S. by the people of France in 1886 to 
celebrate American independence. 
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“D> The Great Ball Court was by the 


~y 


far the = 


largest of the 13 ball courts in Chichén Itza. 


Y The Maya built 
large cities, such as 
Chichén Itza, with 
stepped pyramid 
temples. They traded 
gold, jade, and other 
precious stones with 
their. neighbo Bo al 
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Great Ball Court 
Temple of Kukulkan 

(EI Castillo) 

Observatory 

Skull Platform 

The Plaza of a Thousand 
Columns 

Temple of the Warriors 
Temple of the Jaguars 
Ossuary (burial site) 


V In the late aft 
and fall equinox 


the Kukulkan, which 
looks like a serpent 
wriggling down 

a Staircase, 


€rnoon of the spring 
es, the Sun casts a 

series of triangular shadows 
down the northwest side of 


CI The Great 
Ball Court 


The Maya played a game using 
a solid, rubber ball. The exact 
rules are not known, but it is 
likely that the aim was to keep 
the ball up in the air for play 
to continue. Measuring 551 ft 
(168 m) by 230 ft (70 m), the 
court is far longer than a 
Modern soccer pitch. It is 
surrounded on two sides by high 
walls, on which there are rings 
Carved with feathered serpents. 
Perhaps the aim was to throw 
the ball through one of these 
rings. It is likely that Prisoners 
were forced to play the ball 


game and then beheaded when 
they lost. 


G Observing the stars 


The Maya settled in the Yucatan 
Peninsula of Mexico around 800 ec and 
soon created a thriving society. They 
were fine mathematicians, devising 
the concept of zero and observing 
the heavens to predict solar 
eclipses and other events. 


> The observatory at Chichén 
Itza is known as E/ Caracol, 
which means “the snail.” 


A Rows of skulls 
were carved along 
the wall of a large 
platform. 


( The skull platform 
Structures around the city show 
how brutal the Maya could be. The 
Tzompantli, or Skull Platform, 
displays the skulls of their victims 
while the nearby Platform of the 
Eagles and the Jaguars has carved 
panels showing those animals 
eating human hearts. To the 
north of the city lies the Sacred 
Cenote, a natural well in which 
people were sacrificed to 
the gods. 
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The First Kremlin ea 
~ Fhe Kremtin-sits on Borovitsky Hill, where the— - 
Neglinnaya River flows into the Moskva River. 
The site was first fortified in the av 900s. Prince 


Yuri Dolgoruky expanded the fortifications in 
1156, only to see the whole fortress burned 


down by the Mongols in 1237. In 1339 a new, 
oak-walled fortress was erected, with a church, 
monastery, and cathedral inside the walls. In 
1366-1368.Dmitn Donskoi, son of Ivan IL, 


replaced the oak walls with white limestone, 
t the heart of the Russian capital of During the reign of Ivan III (1462-1505), a new 


Moscow lies a vast fortress, home to the palace was built for the Russian tsars. The 
2 : Kremlin has been the center of Russian 

all-powerful president and before him the government ever since. 

tsars of Russia. From within its secretive walls, ; 

these powerful rulers have plotted against 

their enemies and sent armies around the 

pats : I Original 
world. This is the seat of all Russian power. Or ae pt 


consisted of a small 
e fortress surrounded 


by wooden walls. 


. 


ex The Tsar Bell 


2 Two hundred years later, ap 1370 


- % At the exact center of Moscow stands the expanded fortress was 
a the impressive Ivan the Great Bell surrounded by white 
oo Tower. It looks like a 268-ft- (81-m-) imesioneunnle. 


i tall burning candle. The tower used to 
eer be the tallest building in Moscow, as 
~ construction of higher buildings was ~ 
‘once prohibited. The tower has 21 ~ 
bells, which were rung if the city was 
in danger. Sitting next to the tower is 
the Tsar Bell, the largest bell in the 
world. It is made of bronze, weighs 
445,166 lb (201,924 kg), and is 
20.1 ft (6.1 m) tall. Unfortunately, it 
has never been rung—it was broken 
during casting. 3 By 1505 the ap 1505 
: Kremlin’s red walls 
were in place. It now 
contained three 
cathedrals and a 
royal palace. 


j 4 The Tsar Bell sits next to the 
impressive bell tower that would 
_ have housed it, had it not broken. 
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What's inside the walls? @ Spasskaya Tower 


@ St. Basil's Cathedral 
The imposing Kremlin walls we see today were largely Sect 
built between 1485 and 1495. They measure Wace {t Bie ars par 
(2,235 m) long, are between 11 ft (3.4 m) and 21 ft pes cate as 
(6.4 m) thick, and up to 62 ft (19 m) tall. Along their Bake en rs 
length are 20 towers. The walls enclose a vast area y ° cated Saar at 
of 68 acres (275,186 sq m). There are four HQ ivan the 
cathedrals, two churches, five palaces, an 
armory for weapons, and numerous 
other buildings. 


A The Kremlin is surrounded a 
by red-brick walls and towers, . 
designed and built by Italian 


) architects from 1485 to 1495. Tae incalianctet | 
1S a TT — aie =a =e eT ; ee - 
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THE RED SQUARE 
In 1495, Ivan III stated that the Kremlin 
must be surrounded by a walled moat to 
separate it from the rest of the city. All 
buildings within 768 ft (234 m) of the 
Kremlin were pulled down. This left a 
huge space to the east that eventually 
became the Red Square. The square is 
so-called because of the cathedral that 
stands beside it. St. Basil’s Cathedral 
was once called “red” or “beautiful” in 
Russian. Troops regularly parade through 
the square, which is also the resting 
place for the embalmed body of the first 
Communist leader, Lenin. 


@ At the [5th anniversary of the 
foundation of the Soviet regime 40,000 
troops lined up in the Red Square, Moscow. 
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The jewel of India 


The Taj Mahal sits on a large marble base 
by the river Yamuna near the city of Agra, 
which was the capital of Mughal India. The 
building itself is roughly 180 sq ft (17 sq m), 
and on each of its four sides are vaulted 
archways. One of its most recognizable 
features is the onion-shaped dome on top, 
which reaches 250 ft (76 m) in height. 
Four minarets measuring 130 ft (40 m) tall, 
stand at each corner, and beautiful water 
gardens surround the building. 
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JIUGHAL 
Majesty 


ne of the most spectacular 

buildings in the world, the 
perfectly symmetrical Taj Mahal is a 
monument to love, as well as a great 
feat of construction. Due to varying 
levels of light throughout the day, 
the white marble exterior can appear 
to change color. In the morning it 
seems to be a shade of pink, and 
it looks golden in the moonlight. 
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Precious stones 


The marble used to build the Taj Mahal was brought 

to the site by 1,000 elephants from more than 300 mi 
(483 km) away. Twenty thousand Indian workers labored 
for 20 years to complete the building. They all had 
different skills—some carved the marble flowers, while 
others built the turrets. The workers decorated the walls 
in flower patterns made from 28 different types of 
semiprecious and precious stones, such as crystal and 
lapis lazuli. Some of the stones came from as far away 
as Arabia and Tibet. 
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G | Dado (lower wall) : 
i = decorated with 
flowers and vines 


<The scale of 
the Taj Mahal is 
made even more 
impressive by its 
intricate details, 
such as these 
jeweled flowers. 


Emperor Shah Jahan 


Shah Jahan ruled the Mughal Empire of India from 1628 until 1658, extending 

Mughal power to the south and capturing the important city of Kandahar from 

the Persians. He supported the arts, erecting many fine buildings during his 
reign. In 1612 Shah Jahan married Arjjumand Banu Begum, the daughter of a 
Persian noble family, who served the emperors. They had 
14 children together, seven of whom survived into 
adulthood. In 1631 she died during childbirth, 
and the emperor was overwhelmed with 
grief—he built the Taj Mahal as a tomb 
for her. 
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<@ Shah Jahan loved his wife 
very much. She became 
known as Mumtaz Mahal, 
which means “the chosen 
one of the palace.” 


YV The memorial to 
Mumtaz Mahal is found 
to the right of her 

husband’s cenotaph. 
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Two tombs together 


The two cenotaphs, or memonals, to Mumtaz Mahal 
and Shah Jahan lie in a chamber directly underneath 
the main dome of the Taj Mahal. Both the memorials 
and the chamber itself are heavily decorated in marble 
and semiprecious stones. The bodies of Mumtaz and 
Jahan are buried in caskets in a second crypt, or 
chamber, underneath. Muslims forbid graves to be 
elaborately decorated, so the crypt is lined with simple 
sheets of marble. The caskets are inlaid with precious 
stones and calligraphy praising Mumtaz. 


Calligraphy 
(decorative 
writing) 
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Palace of 


Versailles 
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Y The Palace of Versailles is 
surrounded by almost 2,000 acres 
(809 hectares) of gardens. 


Re nian a 


ing Louis XIV of France called himself 
“the Sun King.” He believed that the 
Kingdom of France revolved around him 
in the same way that Earth revolves around 
the Sun. Louis wanted to show off this 
immense power and majesty, so he had 
a magnificent palace built. At Versailles, 
Louis lived in extraordinary splendor. The 
building itself was enormous, and was filled 
with lavishly decorated rooms. 


It is difficult to imagine the sheer 
scale of Versailles. The total floor 

| area of the palace is 721,182 sq ft 
(67,000 sq m), the equivalent of 
almost ten full-sized soccer pitches. 
It has 2,300 rooms, 67 staircases, and 
| 2,153 windows, and contains 5,210 
items of furniture, more than 6,000 
paintings, and 2,000 sculptures. The 
palace is so large that members of the 
) French aristocracy who lived there were 
/ moved from room to room in sedan 
chairs, carried by footmen. 


» «@~ He became king at just four years old. 


She growing palace 

The Palace of Versailles outside Paris was once 

a small hunting lodge. The young French king, 

Louis XIV, fell in love with the countryside there and 
began to expand the lodge into his own palace. Work 
begun in 1664 and carried on in four main stages 
until 1710. Later monarchs added more rooms and 
built further palaces in the grounds. 
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One of the most famous residents of 
Versailles was Queen Marie Antoinette, 

wife of Louis XVI. In 1784 she built herself 
a mock village in the grounds, with 12 
cottages and a mill. Here she escaped the 
formality of life at Versailles. She dressed up 
as a peasant and milked the cows, which had 
previously been scrubbed clean by her staff. 
The real peasants of France were not 
amused, and in 1789 they started a 
revolution that overthrew the king and 
queen. Marie Antoinette was executed by 
guillotine in 1793. 


She hall of mirrors 


At the heart of the palace is a vast chamber 
known as the Hall of Mirrors (below). This great hall is 
239.5 ft (73 m) long, 34.4 ft (10.5 m) wide, and 40.4 ft 
(12.3 m) high. It is lined with 357 mirrors 
and lit with beautiful lamps and hanging chandeliers. 
Louis XIV walked along the hall every day from his 
private apartments to the chapel and back 
again. Courtiers lined the route to watch 
him pass. 
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82(br) Serge Brunier/NASA, 82(cl) NASA JPL, 83(r) Yarik/S, 83(b) NASA/JPL-Caltech, 83(b) Feng 
Yu/S, 83(t) MARK GARLICK/SPL, 84(c) EUROPEAN SPACE AGENCY/SPL, 84(r) Steve Collender/S, 
84-85(bg) Lisa A/S, 84-85(b) Olga Kovalenko/S, 84(bl) ANCH/S, 84(bl) Evikka/S, 84(br) PAUL 
WOOTTON/SPL, 84(cl) Boris Sosnovyy/S, 84(l) HeinSchlebusch/S, 84(tc) Triff/S, 84(tL) kikka8869/S, 
84(tl) ROYAL OBSERVATORY, EDINBURGH/AAO/SPL, 85(r) rangizzz/S, 85(b) Hank Frentz/S, 

85(bl) MARK GARLICK/SPL, 85(br) Picsfive/S, 85(L) CHRISTIAN DARKIN/SPL, 85(tr) Redsapphire/S, 


86-87(b) Rob van Esch/S, 86(bl) CHRIS BUTLER/SPL, 86(br) STScI/NASA/CO, 86(tL) MARK GARLICK/ 
SPL, 87(r) UIG via GI, 87(bc) NASA/JPL-Caltech/CO, 87(bl) NASA, ESA, Zolt Levay (STScI), 

88-89(c) NASA, 88(cl) CARLOS CLARIVAN/SPL, 88(cr) DETLEV VAN RAVENSWAAY/SPL, 89(cl) NASA/ 
Bryan Allen/CO, 89(cr) NASA/SPL, 89(t) DAVID DUCROS, ESA/SPL, 90-91(c) SIMON FRASER/SPL, 
90(cl) PATRICK DUMAS/LOOK AT SCIENCES/SPL, 91(c) Ed Darack/SuperStock/CO, 91(r) REBECCA LE 
MAY/epa/CO, 91(tl) NRAO/AUI/NSF/SPL, 92-93(bg) zentilia/S, 92(l) NASA/Ames/JPL-Caltech , 
92(l) zentilia/S, 92(tr) NASA/SPL, 93(bl) NASA/SPL, 93(br) Artem Furman/S, 93(br) Nicemonkey/S, 
93(br) DETLEV VAN RAVENSWAAY/SPL, 93(tr) LYNETTE COOK/SPL, 94-95 NASA/SDO/Goddard Space 
Flight Center, 94-95(bg) nuttakit/S, 94-95(bg) mexrix/S, 95(br) Atiketta Sangasaeng/S, 

95(cr) NASA/SDO/AIA/HMI/Goddard Space Flight Center, 95(tr) NASA/GSFC/Solar Dynamics 
Observatory’s AIA Instrument, 96-97 Pavel L Photo and Video/S, 96-97 Bobboz/S, 96-97(c) Triff/S, 
96-97(b) Vlue/S, 96(tl) bepsy/S, 96(tl) Christophe BOISSON/S, 98(r) World History Archive/N, 
98-99 UIG via GI, 98(bc) kurt G/S, 98(bl) NASA / JHU Applied Physics Lab / Carnegie Inst. 
Washington, 98(br) mdd/S, 99(br) NASA ESA G Bacon(STScl), 99(br) Kaspri/S, 99(l) NASA/NOAA/ 
GSFC/Suomi NPP/VIIRS/Norman Kuring, 99(tr) DETLEV VAN RAVENSWAAY/SPL, 101 Frank Armstrong/ 
UT-Austin, 100(c) Boris Franz/S, 100-101(bg) Claudio Divizia/S, 100(bc) Lunar and Planetary 
Institute, 100(cl) JUAN CARLOS CASADO (starryearth.com)/SPL, 100(tL) Thomas Pajot/S, 

100(tr) Thomas Bethge/S, 100(tr) JOE TUCCIARONE/SPL, 101(br) NASA, 101(cl) Boston Globe/ 
Contributor/GI, 101(cl) Thomas Pajot/S, 101(tl) Thomas Bethge/S, 101(tl) HRIS BUTLER/SPL, 
102-103 DETLEV VAN RAVENSWAAY/SPL, 102-203(bg) Michal Modzelewski/S, 102(b) NASA/ 
JPL-Caltech/Malin Space Sci/Kinetikon Pictures/CO, 102(tr) Seamartini Graphics/S, 103(b) DETLEV VAN 
RAVENSWAAY/SPL, 103(br) iurii/S, 103(cr) NASA/SPL, 103(tl) GIL BABIN/LOOK AT SCIENCES/SPL, 
104 NASA/JPL, 104-105 SCIEPRO/SPL, 104-105(bg) nikkytok/S, 105(b) CALIFORNIA ASSOCIATION FOR 
RESEARCH IN ASTRONOMY/SPL, 105(tr) NASA/JPL, 106-107(bg) kzww/S, 106(t) Megin/S, 

106(tr) Nattika/S, 107(bl) US GEOLOGICAL SURVEY/SPL, 107(br) NASA/JPL/Ted Stryk, 107 (cl) NASA/ 
SPL, 107(cr) NASA/SPL, 107(tl) NASA/JPL/UNIVERSITY OF ARIZONA/SPL, 107(tr) NASA/SPL, 
108-109(bg) Procy/S, 108(cl) Paper Street Design/S, 108(cl) DETLEV VAN RAVENSWAAY/SPL, 

109(bL) Princeton University, 109(br) CHRIS BUTLER/SPL, 109(tl) AFP PHOTO/ SINC/ JOSE ANTONIO 
PENAS, 109(tr) CALIFORNIA ASSOCIATION FOR RESEARCH IN ASTRONOMY/SPL, 110-111(bg) Procy/S, 
110(b) NASA/ESA/STSCI/J.CLARKE, BOSTON U./SPL, 110(bl) jannoon028/S, 110(t) NASA/SPL, 

111(r) EUROPEAN SPACE AGENCY/SPL, 111(tl) RF 


SUPER STRUCTURES 112-113 Design Pics Inc/RF, 115 rvlsoft/S, 114-115 High Level/RF, 

114(l) Bhakpong/S, 114(tr) Route66/S, 114(tr) Jktu 21/S, 114(tr) Stephen Finn/S, 115(br) Alistair 
Laming/LOOP IMAGES/CO, 115(cr) RF, 115(tr) Steve Davey/RF, 116 Arctic-Images/GI, 

116-117 schankz/S, 116-117 Ghenadie/S, 116(b) Marco Brivio/age fotostock/SS, 116(tr) Gencho 
Petkov/S, 117(bl) Axel Schmies/Novarc/CO, 117(br) sarkao/S, 117(cr) CO, 117(tl) Dosfotos/Design 
Pics/CO, 117(tr) Mariyana M/S, 118(c) pockygallery/S, 118-119 Kittichai/S, 118-119(bc) Mike 
Flippo/S, 118(bl) JP5\ZOB/WENN.com/N, 118(br) Bill Cobb/William Cobb/SS , 118(cl) Pertusinas/S, 
118(cr) Filip Bjorkman/S, 118(tl) mayakova/S, 118(tl) AiVectors/S, 118(tl) Topham/EMPICS, 

118(tr) Popperfoto/GI, 118(tr) Aquir/S, 119(c) Aquir/S, 119(bl) 2014 Incheon Asian Games+ 
Populous, 119(br) London News Pictures/RF, 119(t) Havoc/S, 119(tr) A.P.S.(UK)/A, 119(tr) Filip 
Bjorkman/S, 120(r) David Pearson/RF, 120-121 Tomislav Pinter/S, 120(cr) Sky Designs/S, 120l AHMED 
JADALLAH/Reuters/CO, 121(bl) Ruth Eastham & Max Paoli/GI, 121(br) Ambient Images Inc./SS , 
121(tl) José Fuste Raga/GI, 121(tr) bloomua/S, 123 Marcin Balcerzak/S, 122(c) Marcin Balcerzak/S, 
122-123 Olga Kovalenko/S, 122-123 John T Takai/S, 122(bc) glo/S, 122(bl) Maryutin Maxim/S, 
122(bl) Radu Bercan/S, 122(bl) Marcin Balcerzak/S, 122(br) 2014 The LEGO Group, 

122(tc) PP77LSK/S, 122(tr) AFP/GI, 123(bl) Bloomberg via GI, 123(bl) Marcin Balcerzak/S, 

123(tr) Horizon International Images Limited/A, 124-125 National Science Foundation, 

124-125 Vitalliy/S, 124-125 Deputat.Igor.ua/S, 124-125(bc) Roberto Caucino/S, 124(bl) KPA/Zuma/ 
RF, 125(bl) Galen Rowell/CO, 125(br) National Science Foundation, 126-127 Red Bull Content Pool/RF, 
126(bl) KeystoneUSA-ZUMA/RF, 127(b) PREDRAG YUCKOVIC/RED/SIPA/RF, 127(cl) Pakhnyushcha/S, 
127(tr) KeystoneUSA-ZUMA/RF, 128(r) Top Photo Group/RF, 128-129 Kamenetskiy Konstantin/S, 
128-129 Sergii Rudiuk/S, 128-129 archetype/S, 128-129 Mechanik/S, 128(l) Karen Kasmauski/CO, 
129(r) Robert Davies/S, 129(bl) STR New/Reuters, 129(cr) AFP/GI, 129(tl) Andrew Paterson/A, 
129(tr) ponsuwan/S, 130(r) Torbjorn Arvidson/Matton Collection/CO, 130-131 Kutlayev Dmitry/S, 
130(l) Jean-Pierre Lescourret/CO, 131(r) ITB PHOTO COMMUNICATI/ITB Photo/SS, 131(tl) Richard 
Klune/CO, 131(tl) Ensuper/S, 132 Vacclav/S, 133 venimo/S, 132(c) JRC, Inc/A, 132-133(bc) Steve 
Cukrov/S, 132(br) Jose Luis Stephens/A, 132(tl) photovs/S, 133(bl) GFC Collectio /age fotostock/SS , 
133(br) Ben Pipe/Robert Harding World Imagery/Corbis, 133(br) S, 133(t) Sipa Press/RF, 

134~135(b) NASA JSC Electronic Imagery, 134(bl) RF, 134(br) HO/Reuters/CO, 134(tr) Ben Cooper/ 
Science Faction/SS, 135(c) RF, 135(t) NASA/Bill Ingalls/RF, 136-137 royalcaribbeanpresscenter , 
136-137 Lee Yiu Tung/S, 136(br) Simon Brooke-Webb/sbw-photo/royalcaribbeanpresscenter, 

136(cl) Simon Brooke-Webb/sbw-photo/royalcaribbeanpresscenter, 137(bl) Lehtikuva OY/RF, 

137(br) S, 137(cr) Michel Verdure/royalcaribbeanpresscenter, 137(t) RF, 138(bg) Antonov Roman/S, 
138(bg) kanvag/S, 138(bl) Silhouette Lover/S, 138(br) Eugene Sergeev/S, 138(cr) Miro Novak/S, 
138(l) moodboard/CO, 139(b) www.zenrobotics.com, 139(bc) Yuzach/S, 139(bq) Freer/S, 

139(bg) Meryll/S, 139(bg) Korionov/S, 139(bl) Konstanttin/S, 139(br) Nomad Soul/S, 139(lc) Mark 
Rightmire/ZUMA Press/CO, 139(tr) David Howells/CO, 141 Ashley Cooper/CO, 140-141(bg) Richard 
Thornton/S, 140-141(t) Gunter Marx /A, 140(bl) Ashley Cooper/CO, 140(bl) Dja65/S, 140(cr) 
Bloomberg via GI, 140(cr) Lereen/S, 141(br) Silhouette Lover/S, 141(tr) Ashley Cooper/CO, 141(tr) LI 
CHAOSHU/S, 142-143(bg) pASob/S, 142-143(bg) I. Pilon/S, 142-143(bg) Reinhold Leitner/S, 

142(b) ALEJRANDRO BOLIVAR/epa/CO, 142(cl) Lasse Kristensen/S, 142(l) Steven Wright/S, 142(tl) art 
of sun/S, 142(tr) Gamma-Rapho via GI, 143(br) Alberto Lowe/Reuters/CO, 143(cr) Michele Molinari/A, 
143(t) Jose Gomez/Reuters/CO, 144-145 145/Dennis Macdonald/Ocean/CO, 144(bl) ponsuwan/S, 
144(cl) Bryan Mullennix/Spaces Images/CO, 144(cr) magicinfoto/S, 145(c) GEOEYE/SPL, 145(br) Eye 
Ubiquitous/RF, 145(tr) Bettmann/CO, 146-147 www.siemens.com/presspictures, 146(cl) mjaud/S, 
146(l) Jim West/imageBROKER/CO, 146(tc) bioraven/S, 147(bl) AlamyCelebrity /A, 147(cr) HANS- 
ULRICH OSTERWALDER/SPL, 147(tl) JACK FIELDS/SPL 


MEGA CITIES 148-149 Sean Pavone/S, 150-151 Imaginechina/CO, 150-151 varin jindawong/S, 
150(b) Odua Images/S, 150(br) CHERYL RAVELO/Reuters/CO, 151(br) Viviane Moos/CO, 151(cl) Ton 
Koene/age fotostock/SS , 151(tr) NICKY LOH/Reuters/CO, 152-153 Chris Gray/National Geographic 
Society/CO, 152(br) Emma manners/S, 152(l) Imaginechina/RF, 152(l) Olga Pink/S, 152(l) Molodec/S, 
153(b) Nigel Pavitt/JAI/CO, 153(b) Leszek Glasner/S, 153(b) Picsfive/S, 153(cr) Aleksandar 
Mijatovic/S, 153(tr) Imaginechina/CO, 154(r) Andrey Kuzmin/S, 154-155 Victor Fraile/CO, 

154-155 Africa Studio/S, 154(bl) Cristian Gusa/S, 154(br) Dja65/S, 154(cl) David Hobcote/RF, 

154(t) Perry Correll/S, 155(bl) Top Photo Corporation/RF, 155(tr) CHINA DAILY/Reuters, 

158-159 pashabo/S, 158-159 kusuriuri/S, 158(bl) RF, 158(br) alessandro0770/S, 158(br) 
JuliusKielaitis/S, 158(br) David Burrows/S, 158(br) Ron Ellis/S, 158(br) Aleksandar Mijatovic/S, 
158(br) Marina Riley/S, 158(tc) Picsfive/S, 158(tl) QQ7/S, 158(tr) Mordolff/GI, 158)tr) Fotolia, 
159(br) leungchopan/S, 159(cr) paul prescott/S, 159(tl) Photri/TopFoto, 159(tr) HARISH TYAGI/epa/ 
CO, 159(tr) Aleksandar Mijatovic/S, 160-161 Markovka/S, 160(cl) STRINGER/ITALY/Reuters/CO, 
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Vasconcellos/GI, 162(cr) Yann Arthus-Bertrand/CO, 163(br) Kevin Nixon/Future Publishing/RF, 
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164 woaiss/S, 165 Raduga11/S, 164(c) jamie cross/S, 164(r) albund/S, 164(bl) Smileus/S, 

164(br) Monica Donovan/GI, 164(br) Thomas Bethge/S, 164(cl) Antony Njuguna/Reuters, 

164(cr) SWOAN PARKER/Reuters/CO, 164(cr) Jamie Roach/S, 165(br) Bloomberg via GI, 165(tr) P, 
165(tr) Reinhold Leitner/S, 166-167 Andrey Kuzmin/S, 166(b) Chamila Karunarathne/Demotix/CO, 
166(bl) Helder Almeida/S, 166(cl) Leremy/S, 166(tl) Leremy/S, 166(tr) GI, 167(br) NATHAN G./epa/ 
CO, 167(br) Leremy/S, 167(cr) LA VOZ DE GALICIA/Reuters/CO, 167(l) Leremy/S, 167(tl) Ashley 
Cooper/CO, 168-169 Songquan Deng/S, 168(bl) OTHK/GI, 168(br) Grusin/S, 168(t) arka38/S, 
168(t) Silhouette Lover/S, 168(tl) Designsstock/S, 168(tr) AFP/GI, 168(tr) Zygotehaasnobrain/S, 
169(b) ERIK DE CASTRO/Reuters/CO, 169(b) pockygallery/S, 169(b) saiko3p/S, 169(cl) ekler/S, 
169(cr) Li Wen/RF, 169(tr) Bloomberg via GI, 170-171 LAN/CO, 170-171(tc) S-F/S, 170(b) Luciano 
Mortula/S, 171(b) Hywit Dimyadi/S, 171(br) Kris Tripplaar/RF, 171(tr) Fan Jun/RF, 172-173 Patrick 
Pleul/dpa/CO, 172-173 Ulrich Mueller/S, 172-173(bc) TIPS/P, 172-173(bc) rangizzz/S, 

172(bc) Szasz-Fabian Jozsef/S, 172(bl) BOBBY YIP/Reuters/CO, 172(bl) zkruger/S, 172(br) Igor 
Kovalchuk/S, 172(cl) Igor Kovalchuk/S, 172(tl) NataLT/S, 172(tr) GrigoryL/S, 173(br) RF, 

173(br) Andrey Eremin/S, 173(br) Microstock Man/S, 173(cl) ManuelSchfer/S, 173(tl) rajput yasir/ 
Demotix/CO, 175 Stephen Dalton/NPL, 174-175 Kike Calvo Visual&Written/N, 174(b) Michal 
Modzelewski/S, 174(cl) Bikeworldtravel/S, 174(tl) Angela Waye/S, 174(tl) Jorge Salcedo/S, 

175(b) Getty Images, 175(bc) M.E. Mulder/S, 175(bl) Rtimages/S, 175(cr) Designsstock/S, 

175(tr) Bloomberg via GI, 176-177 MISHELLA/S, 176(bl) GW, 176(tr) AFP/GI, 177(bl) Aleksandar 
Mijatovic/S, 177(br) dbimages/A, 177(cl) JTB Photo/GW, 177(tr) GI, 178-179(b) LatinContent/GI, 
178-179(t) Nigel Howard/RF, 178(b) Brian Chase/S, 178(cl) Alfonso de Tomas/S, 178(tl) Alfonso de 
Tomas/S, 179(b) inxti/S, 179(br) AFP/GI, 179(tl) Sipa Press/RF, 179(tl) swatchandsoda/S, 

179(tr) AFP/GI, 179(tr) inxti/S, 181 Mark Pain/Daily Mail/RF, 180(c) panyajampatong/S, 

180-181 a454/S, 180-181 tradville/S, 180-181(b) FCG/S, 180-181(b) Rihardzz/S, 180-181(b) 
Bikeworldtravel/S, 180(bl) lucadp/S, 181(c) GI, 181(t) Hoch Zwei/CO, 181(t) Ecelop/S, 181(tr) GI, 
182-183 Deniseus/S, 182(b) Phil Pauley and PAULEY, 182(b) Spartak/S, 182(t) Paper Street Design/S, 
183(bl) Topic Photo Agency/CO, 183(br) BUNKER ARQUITECTURA, 183(tl) Clint McLean/CO 


BUILDING HISTORY 184-185 Image Broker/RF, 186-187 Pecold/S, 186(cl) Pictorial Press Ltd/A, 

187 (c) Pecold/S, 187(b) The Art Archive/A, 187(t) Government of Ireland National Monuments 
Service Photographic Unit, 188-189 Henning Dalhoff/SPL, 188-189(t) Nickolay Vinokurov/S, 
188(bl) Basileus/S, 188(border) Dmitry Khrustalev/S, 189(br) MICHAEL POLIZA/NG, 189(cl) KENNETH 
GARRETT/NG, 189(tr) WhiteHaven/S, 190-191(c) Timothy W. Stone/S, 190-191(bed bg) K. Miri 
Photography/S, 190-191(suitcase bg) 54613/S, 190(bl) Evgeny Karandaev/S, 190(book) Erik 
Svoboda/S, 190(br) kropic1/S, 190(c) Federico Rostagno/S, 190(cl) Rolf Hicker/All Canada Photos/ 
CO, 190(logo) Milos Dizajn/S, 190(tickets) brandonht/S, 191(c) jason cox/S, 191(bl) S.Borisov/S, 
191(br) Lukas Hlavac/S, 191(cl) Roman Gorielov/S, 191(tl) Noppasin/S, 191(towel bg) K. Miri 
Photography/S, 191(tr) ZRyzner/S, 192-193 Vitalii Nesterchuk/S, 192-193(top bq) Transia Design/S, 
192(ct) duncan1890/istockphoto.com, 192(t) Hemis/A, 192(t) Azat1976/S, 193(tl) M. De Ganck/ 
Flonline/GW, 193(tr) Design Pics/CO, 194-195(bg) Lucy Baldwin/S, 194(b panel) ARCHITECTEUR/S, 
194(cl) aslysun/S, 194(tc) koosen/S, 194(tr) hxdbzxy/S, 195(b main) fotohunter/S, 195(bg panel) 
Rafa Irusta/Fotolia.com, 195(bg) Konstantin Sutyagin/Fotolia.com, 195(bl main) British Library/The 
Art Archive, 195(tl) Hsien-Min Yang/NGS Image Collection/The Art Archive, 196-197 (main) 
Bertl123/S, 196(bl) J.S. Johnston/CO, 196(br) Jenny Kennard/Image Source/CO, 196(cl) Rostislav 
Glinsky/S, 196(cr) Stapleton Collection/CO, 197(b) StevanZZ/S, 197(br paper) David M. Schrader/S, 
197(br sign) Picsfive/S, 197(br) xpixel/S, 197(c) JILL SCHNEIDER/NG, 198-199(blue bg) Lizard/ 
fotolia.com, 198(b) CLAUS LUNAU/SPL, 198(bl) Lagui/S, 198(l) tanatat/S, 198(nails) xpixel/S, 
198(paper) TADDEUS/S, 198(t) italianestro/S, 199(bl) Heritage Images/CO, 199(br) Brendan 
Howard/S, 199(tc) Private Collection/Gianni Dagli Orti /The Art Archive, 200-201(blue bg) Lizard/ 
fotolia.com, 200-201(border) Orhan Cam/S, 200-201(gold bg) R-studio/S, 200-201(main) Jose Fuste 
Raga/GW, 200(bl) The Art Gallery Collection/A, 200(tr) travelstock44/LOOK-foto/GW, 

201(bl) Historical Picture Archive/CO, 202-203(main) Image Broker/RF, 202—-203(panel bgs) 
Kompaniets Taras/S, 202(bl) National Geographic Image Collection/A, 202(t) elic/S, 203(bl) Ralf 
Broskvar/S, 203(br) kccullenPhoto/S, 203(cl) steve estvanik/S, 203(cr) Yu Lan/S, 203(tr) National 
Geographic Image Collection/A, 204-205(main) Michele Falzone/JAI/CO, 204(b) Madlen/S, 

204(bl) Luca Tettoni/CO, 204(bl) nito/S, 204(border) SignStudio/S, 204(br) Luca I. Tettoni/CO, 
204(cl) Quang Ho/S, 205(br) Radius Images/CO, 205(tr) YONHAP/epa/CO, 206(c) Alex Holland/ 
cultura/CO, 206-207(main bg) SeDmi/S, 206-207(t/bg) Morphart Creation/S, 206(bc) Heritage 
Images/CO, 206(bl) giedrius b/S, 206(c/bg) Antonio Abrignanii/S, 206(cl/bg) Morphart 
Creation/S, 206(tag) kikka8869/S, 206(tl bg) Antonio Abrignani/S, 206(tools) V.Kuntsmani/S, 
207(bg/cl) Hein Nouwens/S, 207(bl) Sergiu Leustean/S, 207(br) Janis Lacis/S, 207(maze) JOHN 
KELLERMAN/A, 207(tr) JOHN KELLERMAN/A, 207(c) GoFrance/A, 208-209(bc) Sergey856/S, 
208-209(main) Norimages/A, 208-209(paper bg) Tischenko Irina/S, 208-209(stone bg) 
Pack-Shot/S, 208(bl) Lebrecht Music and Arts Photo Library/A, 208(br/frame) Andrey Kuzmin/S, 
208(br/main) Picture Alliance/P, 209(bc) Fabio Alcini/S, 209(bl/bg) Dim Dimich/S, 209(br, main) 
Lebrecht Music & Arts/CO, 209(br) Konstanttin/S, 209(cr) Michal Skowronski/S, 209(t) inxti/S, 

210 (r) Leonard Zhukovsky/S, 210(l) Julia Waterlow/Eye Ubiquitous/CO, 211(c) shinobi/S, 

211(r) Romy Vandenberg/GW, 211(l) Mark Schwettmann/S, 212-213(brochure) Asaf Eliason/S, 
212-213(main bg) PBNJ Productions/GW, 212-213(tc) LUIS ACOSTA/AFP/GI, 212(b) Yann 
Arthus-Bertrand/CO, 212(bl) S, 212(tc) Flexo/S, 212(tl) Maria Equpova/S, 213(b) VICTOR PELAEZ 
TORRES/A, 213(cr) Image Broker/RF, 213(tr) J GERARD SIDANER/SPL, 214(r) TERRY RUTLEDGE/NG, 
214-215(bg) Solodov Alexey/S, 214(bl) CALLE MONTES/GW, 214(bl) Ekaterina Bykova/S, 

214(cl) Kichigin/S, 215(br) TopFoto.co.uk, 215(frame) devy/S, 215(t) TERRY RUTLEDGE/NG, 
216-217(border) Azat1976/S, 216-217(calligraphy) mark higgins/S, 216-217(main) turtix/S, 
216(bl) Image Broker/RF, 216(cl) Olaf Kriiger/GW, 216(intro frame) Azat1976/S, 216(top frame) 
saiko3p/S, 217(br) Andreas Strauss/LOOK-foto/GW, 217(t) Dinodia Photos/A, 218-219(bc) The Art 
Archive/A, 218-219(bg) Nataliia Kucherenko/S, 218-219(t) The Gallery Collection/CO, 

218(bl) Bombaert Patrick/S, 218(cl) abxyz/S, 218(frames) Iakov Filimonov/S, 218(top 

frame) kongsky/S, 218(c) Stefano Bianchetti/CO, 219(r) Marc Deville/CO, 219(bc) Damian Palus/S, 
219(door) Javier Martin/S, 219(tr) Owen Smith Photography/S 


All other photographs are from: 
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